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PREFACE.

With the ever increasing knowledge of the value and essen-
tiality of construction costs, the need of actual cost records and a
practical and flexible system for their collection is generally rec-
ognized. This is especially true of telephone construction.
Here, more than in almost any other class of construction, the
need of cost records is felt, because there are generally two or
more ways of accomplishing the same end.

The purpose of this hook is to supply this need. In its pages
is explained the most approved method of doing telephone work,
giving costs of such work in all its details, and presenting a
simple, comprehensive and practical system for collecting, analyz-
ing and recording telephone costs. Forms for recoiding costs of
every division of work are given, and the methods of computing,
proportioning and prorating costs of all kinds are explained. I
know of no work which treats of any considerable part of the
field covered by this book. Nearly all the matter is believed to
be entirely new. .

Beginning with a presentation of the advantages of cost
records to telephone companies and to contractors for telephone

“work, I have endeavored to describe in successive chapters, the
methods of construction for pole-line, aerial and underground
cable, cable splicing, removing old line and renewal, underground
conduit, and miscellaneous structures. Costs are given for every
part of the work; the costs being averaged from actual cost
records kept on many hundreds of jobs by specially trained men
using a uniform system and working under my supervision.

The costs on conduit work are averaged from actual costs
kept on over 250,000 feet of underground main conduit and lat-
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iv PREFACE.

erals and on over 550 vaults. The costs on other classes of
work are based on similarly extensive records. Detailed costs of
installing one of the largest multiple duct conduits ever built,
comprising 824,862 duct feet of conduit and 318 vaults, are given
in Chapter VL.

Special attention has been paid to the classification and item-
izing of the costs so that they may be used by telephone compa-
nies and contractors for telephone work in the preparation ang
the checking of estimates.

In the chapter on pole-line construction, the cost tables not
only give costs separately for each size and style of cross arm,
wire, anchor and for each size of pole set in each kind of soil,
but, in addition, the tables give costs of each detail of construc-
tion work, such as—in the case of poles—cost of teaming, cost
‘of framing, cost of excavating, cost of setting and cost of super-
vision. The cost tables given in Chapter V give separately, costs
for each number of duct, each kind of soil and each method of
constructing main conduit and laterals, and for each size and
method of constructing vaults; and, in addition, the tables give
costs of each detail of work, such as teaming, excavating, mixing
concrete, laying tile, filling in, and supervision. Costs of almost
every kind of splice are given in Chapter III. This classifica-
tion and analysis is carried throughout every division of tele-
phone construction.

The costs are actual construction costs—not contract prices—
and have been used for making hundreds of eStimates. As the
rates of wages, construction, and methods and system of collect-
ing and computing the costs are given for each division of tele-
phone construction, the costs may be easily revised for use by
telephone companies and contractors for telephone work, even
where rates of wages or construction methods differ from those
shown in these pages.

In Chapter VIII is explained the method of using the costs in
making estimates, taking an actual job of large size and working
out the estimate in detail, with clear explanations of all consid-
erations to he.kept in mind.

I gratefully acknowledge my indebtedness to Mr. Herbert
J. Dietmeyer, who read the manuscript of Chapter III, and made
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many good suggestions, and to others, to whom I am indebted
for photographs.
CLARENCE MAYER.
Chicago, Ill., July 30, 1908. '

THE APPENDICES.

The appendices supplement the first part of the book. That
by Mr. Slippy, the well known telephone cost expert, gives costs
of both labor and materials for telephone construction. They
were collected by Mr. Slippy, acting as cost expert, from the
actual records of various telephone companies. In Appendix B
the publishers have assembled articles on methods and cost of
pole-line and underground conduit work -from various sources.
As giving methods and costs of individual jobs these data will be
found distinctly helpful.

THE PUBLISHERS.
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" Telephone Construction Methods
and Cost.

INTRODUCTION.

A system of cost keeping and a careful record of construc-
tion costs are almost indispensable in telephone construc-
tion. It is possible by the proper use of such a record of costs -
to estimate the cost of all future proposed work with great ex-
actness. The advantages of this are manifold. The officers of
the company, first of all, have certain knowledge of ihe ex-
penditure to be provided for. Second, appropriations for new
work, while made with a fair margin for uncertainties, are
never excessive; this holds the cost down, for it is the teach-
iny of experience, that when more money is allowed than is
necessary for the work there is a tendency to spend more than
is necessary. Again, in considering new ideas of construction,
the adoption of new specifications or tools, or the advisability
of building aerial or underground line, a decision based on
correct cost data will not only eliminate many expensive ex-
periments, but, other things being equal, meets the infallible
test of expediency. It would be simple to multiply proofs of
the advantages to the telephone company or to-the construc-
tor for telephone construction of possessing carefully analyzed
cost data, but it seems needless to do so.

This volume treats in a practical way of methods of cost
keeping in telephone work, and gives records of the actual
labor costs of such work on hundreds of jobs under all ordi-
nary urban and rural conditions of telephone work. Costs
of materials are not given, for the reason that these mate-
rials are standard commodities whose quantities are given in
specifications and whose prices are obtainable from the manu-
facturers and dealers upon request. For convenience, the
labor -costs of telephone work will be divided under the fol-



lowing heads: (1) Cost of Line Work; (2) Cost of Cable
Work; (3) Cost of Cable Splicing; (4) Cost of Reconstruc-
tion and of Removing Materials; (5) Cost of Underground
Work, and (6) Special Cost Data. These actual records of
cost will consist of both detail and average costs based on
work done by numerous foremen, under various conditions
and in both city and country. The system and the forms used
in collecting and recording these costs are described. in detail
for each class of work.




CHAPTER L

METHODS AND COST OF POLE LINE CON-
STRUCTION.

CONSTRUCTION DETAILS:

Line construction as here considered comprises aerial line
construction only. The items composing aerial lines are:
Poles, cross-arms, anchors, stubs and anchor guys, push pole

~braces, and wire stringing.

Poles.—The kinds of poles recorded are: Poles for street
and alley line; poles for farm line; poles for toll line; self-sus-

Al gains are to be cut % 'dﬂ’ﬂ‘s“ All roofs, qains and holes
AUl holes are +0 be £2” bore % are ro be pamnted.

L {

-~ — ST 2
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& o4 s ek
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i} 1}
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Fig. 1.—Method of Cutting Rcofs and Gains in Standard Poles.

taining poles with ground brace, and self-sustaining poles
set in concrete. The size and spacing of the poles
for these several kinds of lines with co-ordinate data are
given in Table I. Figure 1 shows the method of cutting roofs
and’ gains in standard poles. Table II shows the depths to
which poles of various lengths are set in earth and in rock.
The method of setting self-sustaining poles with ground brace
is shown by Fig. 2.
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TaABLE I.—SHOWING STANDARD PoLES FOrR VaRIous KINDS or
LiNe CONSTRUCTION.

'i‘ou.: - S-ruu'r_—-(Note). ' Auxv.
Kinp or Ling, 40 to 80 wires. 20 wires. 1 20 wires. Farm.
| %—;30 pr.2222 ga. or'l-50 2
Ultimate ca- -50 pr. 22 ga. or pr.
i ine. |1-90 Pr. 198a. [1-50 pr. 19 ga. ca- ga. cables| -
pacity of line. cable on a {|bles pon lgi achen a No. 4| 18wires. | 6 wires. | 2 wires.
in. r ng . X
. 30 ft. 30 ft. 30 ft. 25 ft.
Height of to to to to 2 ft. 20 ft.
poles......... 40 ft. 45 ft. 45 ft. 30 ft.
Diameter 72“' °tiﬂ~ 6in. 5 in. 5
o 0 to to in. 4i
attop........ 8in. 7 in. 7in. 6 in. n.
Distance 30 f 90 ft. £
between poles. 130 ft. 1 2:.)0{t~ 125 ft. 150 ft. ) 150ft. | 150 ft.
1 1 1or 2 alley s .
No. of 2
Cross Arms.. .. : 050 t; 1 b:':,ﬁls;rm 3 larm | prackets
=
—_
Direction
of Shraun
/ N 4't06’
f's,,, D m length
\’gsisquarv washers

Fig. 2.—Self-sustaining Pole with Ground Brace.

TaeLe I1.—SnowiNnG DEprHs T0 WHICH POLEs oF VARIOUS LENGTHS ARE
SEr IN EARTH AND RoOCK.

Length of Pole. Depth in Ground. De;sth in Rock.

20 ft. ) 4 1t 3 ft.
25 ft. 41% ft. 3

30 ft bie ft. 315 ft
35 ft 6 ft. 4 ft
40 ft 6 ft. 4 ft
45 ft 61 ft. 4145 ft
50 ft 7 ft. 41 ft.

TaBLe I11.—SHOWING DIMENSIONS oF ANCHOR Locs REQUIRED FOR

DiIrFrFERENT DEPTHS,
Dimensions of Anchor Log.

Length. Diameter.
5 ft. . .. 10 ins.
5 ft. 16 ins.
8 ft. 16 ins.
5 ft. 23 ins.
8 ft. .. 14 ins.
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Fig. '3.—Standard Cross-Arm Construction for Different Kinds of Lines.

an

2 AN 2,

Logs, y?loclrs orPlanks to Bk
haola Anchor Log.
. Fig. 4.—Log Anchors.
Cross-Arms.—Cross-arms are recorded as six-pin, ten-pin,
ten-pin alley and six-pin terminal arms. Fig. 3 shows the
standard constructions of cross arms for different kinds of
lines.
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Anchors, Stubs and Anchor Guys.—The kinds of anchors
and stubs recorded are: Stombaugh anchors, Miller anchors,
rock anchors, log anchors, anchored stubs, self-sustaining
stubs with ground braces, ‘and self-sustaining stubs
set in concrete. Anchor guys, lugs, and pole protec-

< Logs4'te s longy
Fig. 5.—Self-Sustaining Stub with Ground Braces.

tors are included with the anchor and stub. Log anchors
and stubs set in différent kinds of soil are recorded separately.

The specified construction requires that anchor guys shall
be attached as shown by Figs. 4, 5 and 6. All excavation for
anchor logs is required to be 6 ft. when practicable. If it is

S
Aok prorecros | T
\ E:ﬁ g '
. \§; 5 ~
1N
Ly
i

Fig. 6.—Anchored Stub.

impracticable to obtain this depth on account of the nature of
the soil, the excavation is required to be not less than 4 ft.
deep. The size of the anchor log is required to be propor-
tioned to the strain taken by it and also to correspond to
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the depth of the excavation according to Table III. - The log
is required to be firmly anchored by covering it with planks,
logs or rocks, as shown by Fig. 4. Each guy stub is required
to be set in the ground to a depth of at least 6 ft. and to be
anchored, underbraced or set in concrete as shown by Figs.
5 and 6.

Push Pole Braces.—Push pole braces are constructed as
shown by Fig. 7. Tle butt is required to be set 374 ft. in
the ground and to be supported on plank, large stone or solid
- ledge.

Wire Stringing.—The following kinds of line-work are re-
corded under wire stringing: No. 12 galvanized steel for farm
line, No. 12 galvanized steel for toll circuits, .104 bare cop-
per for toll circuits, .104 bare copper for street and alley

-A
\(ms.sarm
8o/t
Do not cut the pole
Section AA
To have rhick corr
o pant where brace
.
/i g
-]  ©
2 Planks‘or equiva-
1ent mof tess 20y
1% %100 2’6"

Fig. 7.—Push Pole Brace.

lines, line orders for city and village lines, line orders for
farm line, and running drops. Tieing-in and equipping is in-
cluded in wire stringing. Running drops is included in line
orders and also recorded separately. The methods followed
in stringing wire and tieing-in are specified as follows: The
wires shall be run out from reels. They shall be attached to a
running board, or boards, to the end or ends of which shali
be attached a running rope or wire. Where there are only
two wires to be run, the running board may be dispensed
with. Where a running board is used the reels of wire shall
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be placed at one end of the section. When a pole is reached,
the wires shall be carried up the pole and placed inside the
pins of the proper arm. In the case of stringing wires from
reels on a wagon, the running board may be dispensed with
and the wires carried direct from reel wagon up the pole and
placed inside the pins on the proper arm, as the poles are
reached. Wires shall be tied to insulators in the manner
shown in Fig. 8.
COLLECTING AND REPORTING COST DATA.

Method of Collecting.—The data are collected by a time-
keeper, inspector or cost man by keeping notes on the ground
in special memorandum books. Loose leaf memorandum

Tre with Glass removed
S Turns

Complete Tie.

zoPhart

Wire before commencing to Wrap.
Fig. 8.—Manner of Tying Wire to Insulators.

books are best adapted for taking costs, and pages properly
ruled should be kept in hand for each kind of construction. A
sample page from this style of memorandum book is shown
by Fig. 9. The ruling and headings in the memorandum book
for any kind of construction correspond exactly to those of
the report blank for that kind of construction; the forms of
report blanks for line construction are shown by Forms 1 to
11. Figure 9 shows a page of the memorandum book filled in
as it would be in the field. It will be seen that when a man
changes from one division of pole line construction to an-
other, or when a change is made from one kind of construc-
tion to another, the time of change is noted opposite the
name of the man or men making the change and under the
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Date " 4/1/07
L:cetion ‘ ....... Proportional Cost of Team

Size 35’ Lost Time
Kind of Soil Hard Clay POLE LINE . “ ‘* Supervision
No. Set 6 .

and Expense

w| Teaming and | Framing and Digging and :
Names g:ﬂ LaborinHaul'g | Stepping _ Locating Setting Totalh
& Time |C'st| Time |C'st Time |C'st!  Time |C'st|Ti'eC'st
9108.50
Foreman | .60 — 26 | .86
1/2 hr.
9.30 to 10 3010930 |
10.15 1o igow 10.15 104010 11
Smith | 34 1040 31| 100100 | 4y _————" .33 & |L.07
o M. T1/4 hrs. ©0 M.
8.301010.16 10.16 to 11
Jones 40 _— .70l __—"| .30| 2% |1-00
18/4 hrs. 3/4 hrs.
9.30 10 10| | 8:30109.30 10.16 10 11
Black 28 | .14| 101010156 | 356 ___—| g1\ 2} | .70
1/2 hr. 11,4 hrs. 3/4 hrs.
8.301010.15 10.16 1o 11
Wilson 28 | 489 ___—| .21/ 2} | .70
13/4 hrs. 3/4 hrs.
8.30 to 9.30 8.30 10 10.15 10.15 10 11
Adams 25 —| 26 | 19— .19{ 2} | 68
1kr. 3/4 hrs. 5/4 hrs.
o5 8.30 to 9.30 25 9.30 t0 10.16 19 10.16 10 11 1921 | 63
ohnso E : . e I - . K
Johnson T /4 hrs. 3/4 hrs.
8.30 to 9.30
Team b0|___—| .60 1 .60
1 hr.
Totals 31 1.00( 16/12 | .45 8 2.60 41/12 1.43|16% |6.48

Fig. 9.—Sample Page from Memorandum Book.
proper heading or headings. These data are figured either
on completion of the day’s work or of the job. On account
of the small size of line gangs, which rarely exceeds 15 men,
an exact account of the work of each man is kept, five
minutes being used as the unit of time.

Method of Reporting.—Reports are made on the blank
forms indicated as Forms 1 to i1, on the completion of the
job. Both the total cost of the work and the average cost per
pole, cross-arm, etc., are shown for each job. The attempt
is made in this cost system not only to divide line construc-
tion into different divisions so that in estimating it will be
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possible to figure the cost of so many poles, cross-arms or
miles of wire, but also to sub-divide each division so that the
data may serve as a check on excessive cost and as a guide
when considering different methods of accomplishing the
same work. The sub-divisions of each kind of construction
are the natural divisions as indicated by the form for setting
poles, (Form 1). Here it will be noted that “framing” (roof-
ing, boring and gaining) and “stepping” are not separated;
this is because the transition from one to the other is almost
impossible to note, making any division of the two a purely
arbitrary one. In the report forms each day’s work is en-
tered on one line; the total and average costs being shown
at the bottom of the form.

Referring to the blank forms illustrated: Form 1 is that
for setting street or alley poles; exactly the same form is
used for farm line and tell line poles and self sustaining
poles with ground braces. Form 2 is used for recording the
setting of self-sustaining poles in concrete. In explanation
of these forms it may be stated that, in “framing” is included
roofing, gaining and boring and in “setting” is included filling
and tamping. Under “supervision and expense” is entered,
(1) cost of the foreman, timekeepers and such other members
of the gang as supervise and keep account of work but as do
no manual labor, or such part of this time as no labor is done
other than of a supervisory character, and (2) charges for
car fare and incidentals. Inspectors, special cost men, and
office expenses are not included in the cost data, the idea
being to secure rather the cost of setting a pole in a certain .
kind of soil or of erecting a cross-arm than the cost of a par-
ticular job which would be of little value in estimating.

The purposes of Forms 3 to 11 are stated in each case. In
explanation of Form 4 it may be noted that cutting logs and
attaching anchor rods are included in setting anchors. When_
this form is used for Stombaygh anchors, the column “Dig-
ging or Drilling” is left blank; screwing the anchor into the
soil being included as “Setting Anchor.” Attaching anchor
lugs and pole protectors is included in “Placing Guys.” In
Form 5 “Placing Guy” includes the guy from the stub to the
pole but not the guy to the anchor.
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- Form 1.
Data Secured by............................
SETTING STREET OR ALLEY POLES.
w" Order No...........
433, - Location.................... Date................ 190
45’ and Higher Foreman........................... ’
Teammg Framm l ‘
g nggmg Sup. Kind| No. of
b{:%]ig Labtv;r in ‘ Setting| and g::l Hours | Remarks
Hauling | SteppmglLocatmg Exp. Sml ‘Worked
| | I
Form 2.
Data Secured by................ ...,
SETT[NG SELF-SUSTAINING POLES.
350: (In Concrete.) Order No.........
40 Location.................... Date........... e 190
45’ and Higher Foreman..........................
| Teaming Setting No.
Zﬁ L ﬁgd Frammg Dlgg(ling Cb:i)ixing Plamd i‘;ﬁ ’lé)tal Kc:“d hof Remarks
o Labor in ncrete: Placing ost s rs.
z;:.,.' Hauling Steppmgl Locating . Concrete Exp. Soil Wk
! | 1 | | i '
Form 3. °
Data Secured by, ..........................
ERrRecTING CROSS-ARMS.
8 li;m Order No.........
10 Pin, Alley Location.................... Date................ 190
Terminal T Foreman............ T
. Teaming No. of
No. of and Putting i:g Total Hours I‘fff" Remarks
ross-arms | Labor in | on arms E Cost Worked Pol
Hauling xp. oles
Form 4. .
DataSecured by...........................
ANCHOR GUYS AND ANCHORS.
ﬁ[ticl)lt;})augh Order No.........
Log Location.................... Date................ 190
Rock Foreman..........................
Teaming No. of

No.of | and Di 1ggmg | Setting | Placing Su;()i. Total| Ki;'d Remarks
Anchors Labor in D " n o
Hauling | ™ “‘3

a Hours
Anchor | Guys | pyp | Cost | goit | Worked
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Form 5.
DataSecuredby....................counn
GUYING AND SETTING’STUBS.

;g Order No.........
25 Location.................... Date................ 190
30 Foreman..........................
Teaming up. | popu K| No.of
No. of and Setting | Placing | O42 | Total I 0. O

.| Digging and of Hours | Remarks
Stubs | Labor in Stubs | Guy Exp.l Cost | Soil | Worked

Form 6.
Data Secured by...........................

GUYING AND SETTING SELF-SUSTAINING STUBS.
(With Ground Brace.)

15 Order No.........
gg: Location.................... Date................ 190
30 Foreman..........................
Teaming S Kind| No. of
No.of | and - Setting | Placing | 2% | Total| 0 o 0
;| Digging and of Hours | Remarks
Stubs | Labor in Stubs Guy Cost g
Hauling Exp. Soil | Worked
| l

Form 7.
Data Secured by..... .....................

GUYING AND SETTING SELF-SUSTAINING STUBS.
(In Concrete.)

;g: Order No.........
25’ Location.................... Date................ 190
30 Foreman..........................
No Teaming| . Setting . Sup. . No.
£ and Digging Mixing and Placing and Total Kind | of |Remarks
Sto bs| Labor in Concrete| Placing | Guy. | g3% | Cost | Soil | Hrs.
ubs| Hauling Concrete P W'r'k

Form 8.
. Data Secured by.............. ...,
SETTING PusH PoLeE Braces.

%g,’ Order No.........
30 Location.................... Date................ 190
35 and Higher Foreman..........................
Teaming Diggi :
gging Sup. Kind| No. of
go. °fs La?)‘:g in| Framing| and Setting | and %%ts:l f | Hours | Remarks
race: Hauling Locating' Exp. Soil | Worked .
| | L




POLE LINE. I

. Form 9.
Data Secured by.............coviiiiin
WIRE STRINGING.
. Order No.........
2]
N°'})§ g:}-:’csot;ﬂer Location.............,...... Date................ 190
.104 Bare Copper Foreman..........................
Teaming Stringi
Mi. of Wire] _ and tringing |  Super. Total | No. hrs,
strung Labor in Ea 'li é’:d Cost ‘Worked Remarks
Hauling quip. p.
| | | | I
Form 10.
. Data Secured by...................... ...,
LiNe ORDERS.
Order No.........
Farm Location.................... Date................ 190
City or Village Foreman..........................

Teaming - :
No. of and Stringing | Sup. Total No. hrs. }%}‘i:f

Line : and an
Orders Iﬁ’:ﬁfm’; Equip. Exp. Cost Worked

Form 11.
Data Secured by.................ccivuven..
RuNnNING Drors.

City or Village Line
Farm Line

Length of | Teaming -
No. of ire and | Stringing | Sup. | rotal | No. hrs

: and an : | Remarks
Drops ussgo i:r L]-‘[IES{. n\gn Equipping | Exp. Cost Worked

METHOD OF FIGURING LINE CONSTRUCTION
COST.

If in a day’s work of a line gang, only one size of poles in
one kind of soil were set—no cross-arms being erected or wire
strung—the method of figuring would require little explana-
tion. The entire expense of the team, foreman or lost time,
would be charged to the particular kind of work done; the
lost time being prorated and added to the different sub-di-
visions, as “Framing,” “Digging and Locating” and “Setting,”
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—(lost time never being charged to “Teaming and Labor in
Hauling.”) and the men’s time would be charged under the
columns corresponding with their work. This, however, is
rarely the case. A day's work of a line gang usually covers
different divisions of construction, often in various kinds of
soil. It is therefore necessary to explain the method of pro-
portioning the teaming, lost time, and supervision and ex-
pense. We will assume the day’s work of a line gang, com-
posed of 6 men, 1 foreman at $4 and 1 team at $4, as shown by
the memorandum data book (see Fig. 9) to have been as
follows: '

Fig. 10.—View Showing AMethod of Fig. 11.—View Showing Method of
Raising Pole. Straightening Pole.

No. of Hours

Setting 35-ft. poles in hard clay: Worked. Cost.
By men .................. e I5 $ 473
By foreman ~............... ... ... %o .25
By team ......... ... ..ol 1 .50

Erecting 10-pin cross-arms, by men....... 12 3.60

Stringing .104 copper wire, by men....... 18 5.17

Supervision and expense on the work in
general, by foreman................... 7% 3.75

Teaminig on the work in general, by team. 7 3.50

Loss time on the work in general, by men.. 3 .90

Totals ..., 64 $22.40

In this schedule by “Supervision and Expense on the Work
in General,” is meant such part of the foreman's, assistant fore-
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man’s or timekeeper’s time not spent in doing manual labor,
but used in supervising the work, keeping accounts, etc. It
is obviously not possible when part of the gang is stringing
wire and part erecting cross-arms to say what minute the
foreman is supervising the wire stringing and what minute he
is supervising the erection of cross-arms.

“Teaming on the work in general” means that part of the
time of the team which is used to haul the men and tools to
and from the jobs. If when going to and from jobs, besides
hauling the men and tools, some cross-arms or wire, etc., are
also hauled, there being no extra time used in hauling the
cross-arms or wire, the time should not be charged, entirely
to cross-arms, but should he charged proportionately on the
work in general.

Fig. 12.—View Showing Method of Using Iron Barrel in Digging Pole Holes
in Soft Ground.

A line gang loses time getting from its station to a job or
from one job to another. Such time is charged to “General
or Lost Time,” and is proportioned over the different kinds
of construction work carried on during the day. At times
the work is in such shape that the entire gang cannot be
utilized. In such cases the men not working are charged
against the work being done at the time, i. e., if waiting on
men framing, their time should be charged to framing, etc.
“An example will illustrate the procedure followed:

Method of Proportioning Lost Time.—Assuming that the
lost time on the work in general was:
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Grade. Rate per hr.  Hrs. lost. Cost.

I lineman .................. $.34 Vs $.17
1 lineman .................. .40 JA 17
2 combination men .......... .28 ea. 14 ea. .28
2 groundmen ............... .25 ea. 1 ea. .25
Totals ............... 3 $.90

and the number of hours actually worked by the men (ex-
cluding the foreman) was 6 X 8 — 3 (lost time) we have 45
hours. Dividing the cost of lost time ($0.90) by the num-
ber of hours actually worked by the men (45), will give the
cost of lost time per “man hour” as $0.02, which multiplied by
the hours actually worked by the men, on each kind or di-

.

* Fig. 13.—Reﬁ10ving Iron Barrel with Bars.

vision of construction, i. e., 15 (number of hours setting poles)
multiplied by $0.02 (cost of lost time per man hour) equals
$0.30. Continuing this operation, we have for “Cross-Arms”
$0.24, for “Stringing Wire” $0.36.

Now assuming the data on setting 35-ft. poles in hard clay
to have been as shown in Fig. o, the cost of the different sub-
divisions is as follows:

Framing and stepping ........c..ciiviveenunennnnnnnn, $0.45
Digging and locating ...........oiiiiiiiiieiinnnn.. 2.60
Setting . .iitiititet et eie e aaceasounaae e 143
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Dividing the cost of lost time ($0.30) by the cost of the
different sub-division ($4.48), we have 0.0669-+, which multi-
plied by the cost of each sub-division gives the following:

Proportional
Cost of
Subdivisions. Cost. Lost Time. Total.
Framing and stepping ........ $0.45 $0.03 $0.48
Digging and locating ......... 2.60 o.17 2.77
Setting ......coviiiiiiiiaa... 1.43 o.10 1.53
Totals «ovvvvenreennnnn. $4.48 $0.30 $4.78

Fig. 14.—Removing Iron Barrel with Block and TackKle.

“Labor in Hauling” being the time consumed in going to a
store yard, sorting out the proper size poles, cross-arms, wire,
etc., loading them on the wagon and hauling them to the
job, the time lost by the gang between their station and work
should not be charged to this sub-division, but to the sub-
division of construction on which they are employed. If the
day was spent in setting poles the lost time should be
charged to “Framing and Setting,” “Digging and Locating,”
and “Setting.” It sometimes happens that the gang works
on digging or setting only; in such cases the lost time should
be charged to digging or setting as the case may be.
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Method of Proportioning Supervision and Expense.—~To
find the proportion of cost of the supervision and expense to
be charged to each division or kind of construction where su-
pervising and expenses of the work in general is meant, divide
the cost of the supervision and expense ($3.75) by the cost
of the day's work including lost time ($14.40), but not in-
cluding supervisors (foremen, etc.) or team, and multiply
by the cost, including lost time of each kind or division of
construction. The result will be as given in Table IV.

Method of Proportioning Teaming.—When the team is
used to haul men and tools to and from work or is standing at
a job, the expense being on the work in general, is propor-
tioned in the same manner as the “Supervision and Expense.”

Summary.—The data on the day’s work are therefore as giv-
en by Table V.

Fig. 15.—Reel for Wire Stringing.

TABLE IV.—SHOWING PRrRoOPORTIONED CosT oF LosTt TIME,
SUPERVISION AND EXPENSE.

]
L0 R, ey o
L . 25558 3 .§§v‘é’ 3
Divisions or Kind ‘of Construction, 23 E S| gn. 5 |a588l B
’ 85 9 E“EG & |oa o gl &
CES . s
Setting 35 ft. pclesinhardclay. . ................... $4.73 | $0.30| $5.03] $1.31 | $6.34
Erecting 10 pincross-arms. . ........... ... un 3.60| 0.24] 3.84) 1.00| 4.8
Stringing .104 copper wire . . ........ ... 5.17| 0.36| 5.53| 1.44 | 6.97
Totals. .ottt e $13.50 | $0.90/$14.40| $3.75 |$18.15
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TaBLE V.—SHOWING PrROPORTIONED CosT oF Lost TIME, TEAMING,
SUPERVISION AND EXPENSE.

TaBLe VI.—AVERAGE Cost OF 30-FT. STREET oR ALLEY POLES.

Teaming and Framing Dlgging Supervision Average
Labor-in and nd and Cost
Hauling. Stepping. Lomtmg Setting. Expense Per Pole.
Sand or gravel..... $0.51 $0.20 . $0.49 $0.25 $0.38 $1.83°
Clay and sand..... 0.57 0.16 0.48 0.25° 0.53 1.99
Sand and water.... 0.71 0.19 0.57 0.38 0.50 2.35
Clay .......ccovunnn 0.86 0.19 0.69 0.39 0.47 2.60
Clay and water. 0.94 0.26 0.76 0.36 0.51 2.83
Hard clay ......... 1.01 0.17 092 0.32 0.59° 3.01
Very coarse gravel. 0.99 0.18 1.23 0.60 0.62 3.62
Quicks’d and water 1.17 0.25 1.42 0.44 0.72 4.00
Rock .............. 1.31 0.22 2.48 0.73 1.27 6.01
Rock and water.... 156 0.20 3.39 0.94 1.51 7.60
Average in all soils. 0.96 0.20 1.2 0.47 0.71 3.58
Average in all soil :
except rock ..... 0.85 0.20 0.82 0.37 0.54 2.78
TapLe VII.—Cost ofF 35-FT. STREET OorR ALLEY POLES.
‘Teaming and Framing Dlgging Supervision Average
Labor in and nd nd Cost
Hauling. Steppin" Locatlng Setting. Expense Per Pole.
Sand or gravel..... $0.50 $0.26 $0.73 $0.34 $0.37 $2.20
Sand and water.... 0.76 0.27 0.83 0.36 0.57 2.79
Clay .....covvevnnnn 1.09 0.24 0.92 . 0.54 0.45 3.24
Clay and water.... 1.28 0.31 0.95 0.45 -0.50 3.49
Hard clay ......... 1.31 0.30 1.07 0.53 0.63 3.84
Very coarse gravel. 1.36 0.23 1.34 0.80 0.73 4.46
Hard pan ......... 1.41 0.32 1.36 0.74 0.76 4.59
Quicks’d and water 1.18 - 0.33 1.69 0.67 0.64 4.51
Rock* ............. 1.47 0.32 2.94 0.86 1.38 6.97
Rock and water.... 159 0.31 3.53 1.04 1.72 8.19
Average cost in all
sofls ............. 1.19 0.29 1.54 0.63 0.78 . 4.43
Average cost in all
soils except rock. 1.11 0.28 1.12 0.55 0.58 3.64

*Note: When holes are blasted the cost of dynamite is included in
‘“Supervision and Expense.

TasLe VIII.—Cost oF 40-Ft. STREET oR ALLEY POLES.

Teaming and Framing Digging Supervision Average
Labor in and nd and ost
Hauling. Stepping. Locating Setting. Expense Per Pole.
Sand or gravel..... $0.78 $0.28 $0.79 $0.47 $0.53 $2.85
Sand and water.... 0.92 0.27 0.90 0.57 0.59 3.25
Clay and water.... 125 0.25 0.96 0.63 0.61 3.51
Clay ........... . 1.02 0.22 1.04 0.68 0.54 3.70
Hard clay 1.38 0.28 1.12 0.71 0.68 4.17
Very coarse gravel. 1.35 0.30 1.42 0.89 0.75 4.71
Quicks’'a and water 1.43 0.29 1.97 0.93 0.76 5.18
Rock .......... 1.60 0.21 2.99 0.92 1.45 7.27
Rock and water.... 1.82 0.27 3.72 1.12 1.74 8.67
Average cost in al
goils ....... ...l 1.28 0.27 1.66 0.75 0.85 4.81
Average cost in all
solls except rock. 1.16 0.27 1.17 0.67 0.64 3.91
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TaBLe IX.—Cost oF 45-Fr. S‘rném OorR ALLEY POLEs.

Teaming and Framing Digging Supervision Average
bor in and and and Cost
Hauling. Stepplng Locatlng Setting. Expense Per Pole.
Sand ar gravel..... $0.95 $0.33 $1.08 $0.74 $0.7 $3.80
Sand and water.. 1.03 0.35 1.20 0.78 0.76 4.12
Clay and water 1.18 0.36 1.25 0.82 0.72 4.33
...... 1.21 0.35 1.32 0.91 0.74 4.53
Hard clay 1.45 0.37 1.39 0.96 0.82 .99
Very coarse gravel. 1.47 0.34 1.60 1.03 0.87 5.31
Quicks’'d and water 1.67 0.36 2.17 1.03 0.93 6.16
ROCK ....cv.vevvnn.n 1.84 0.34 3.46 0.99 1.67 8.30
Average cost in all .
............. 1.35 0.35 1.68 0.91 0.90 5.19
Average cost in all
soils except rock. 1.28 0.35 1.43 0.90 0.79 4.75
TaBLe X.—Cost oF 20-F1. FARM LINE PoLEs.
Teaming and Dlgglng . Supervision Average
or in nd and Cost
Hauling. Framirg. Loca.tlng Setting. Expense. Per Pole.
Sand or gravel..... $0.23 $0.07 . $0.24 $0.12 $0.08 $0.74
Sand and water..., 0.23 0.06 0.25 0.14 0.09 0.76
Black soil.......... 0.20 0.07 0.26 0.16 0.12 0.81
Black soil and water 0.24 0.06 0.33 0.10 0.11 0.84
Clay ...coveveeennnn 0.35 0.05 0.32 0.12 0.13 0.97
Clay and wa.ter 0.33 0.06 0.35 0.12 0.15 1.01
Hard clay ......... 0.35 0.07 0.69 0.17 0.23 1.51
Very coarse gravel. 0.37 0.05 0.74 0.19 0.26 1.61
Quicks’'d and water 0.41 0.04 0.73 0.16 0.38 1.72
Average cost in all
solls ............. 0.30 0.06 0.44 0.14 0.17 111

Note: Farm Lines are rarely built in rock. In the case of one or two
poles, the spans are lengthened or shortened to avoid rock. Where the
direct route is mostly rock some other route by which the rock may be
avoided is taken, although requiring more poles.

TasLe XI.—Cost oF 25-F1. FARM LINE PoLEs.

Teaming and Digging Supervision Av'ge

Labor in and and Cost per

Hauling. Framing. Locating Setting. Expense. Pole.

Sand or gravel..... B $0.12 $0.32 $0.16 $0.14 $1.02

Sand and water... .32 0.11 0.34 0.14 0.16 1.07

Black soil 0.14 0.32 0.18 0.19 1.14

Blk. soil and water 0.11 0.39 0.20 0.18 1.21

Clay ...oviveiinnnns 0.14 0.47 0.19 0.23 1.40

Clay and wa .. 0.13 0.50 0.17 0.27 1.46

Hard clay.. . 0.12 0.75 0.18 0.32 1.81

Very coarse gra.vel 0.52 0.14 0.82 0.24 0.38 2.10

Quicks d and water 0.60 0.10 0.86 0.28 0.43 2.27
Average cost in all

soils ..... ceeeene . 0.40 0.12 0.53 0.19 0.26 1.50

TapLe XII.—Cost oF 30-Fr. FARM LINE PoLE.
Teaming and . Dlgglng Supervision Average
Labor in nd and Cost

Hauling. Framing. Locatlng Setting. Expense Per Pole.

Sand or gravel..... $0.43 $0.16 $0.37 $0.22 $0.23 $1.41

Sand and water.... 0.41 0.17 0.43 0.21 0.26 1.48

Black soil ......... 0.47 0.15 0.38 0.23 0.31 1.54

Clay ......coccvvenn. 0.67 0.12 0.57 0.28 0.32 1.96

Clay and water.... 0.59 0.13 0.68 0.32 0.43 2.15

Hard clay ......... 0.71 0.17 0.85 0.37 0.48 2.568

Verv coarse gravel. 0.72 0.14 0.99 0.44 0.37 2.66
Average cost in all

Soils ....ccviennnnn 0.57 0.15 0.61 0.30 0.34 1.97

Note: 30 ft. farm line pcles cost less to set than city or alley poles
on account of the average jobs being larger; poles are more easily located
and conditions for work better on a country road than on a city street.
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TapLe X1II.—CosT oF 30-F1. ToLL LINE PoLEs.

Teaming and Digglng Supervision Average
Labor in nd and Cost
Hauling. Framing. Loca.tlng Setting. Expense Per Pole.
Sand or gravel..... $0.42 $0.19 $0.41 $0.22 $0.29 $1.53
Sand and water 0.48 0.21 0.44 0.24 0.27 1.64
Black soil .. 0.44 0.19 0.46 0.27 0.26 1.62
Clay ......... 0.61 0.24 0.69 0.35 0.23 2.12
Clay and wate 0.63 0.22 0.73 0.37 0.24 2.19
Hsard clay .... . 0.83 0.26 0.84 0.54 0.41 2.68
Very coarse gravel 0.91 0.19 0.98 0.38 0.44 2.90
Quicks'd and water* 1.47 0.25 1.45 0.92 0.70 4.80
Rock .............. 1.30 0.27 2.17 0.71 1.08 5.53
Average cost in all
soils ............. 0.78 0.23 0.91 0.42 0.44 2.78
Average cost in all
soils except rock. 0.72 0.22 0.75 0.39 0.36 2.44

*In setting poles in quicksand in the country iron.sand barrcls are used,
whereas in the city old lime or sugar barrels are used in place of sand
barrels, and are left in the holes. The cost of the old barrels which are left
in the holes should be charged to supervision and expense.

TasLe XIV.—Cost oF 35-Ft. TorL LINE PoLEs.

Teaming and Digging Supervision Average

Labor in and and Cost
Hauling. Framing. Locating. Setting. Expense. Per Pole.
Sand or gravel..... $0.49 . $0.27 $0.67 $0.33 $0.32 $2.08
Sand and water.. 0.47 0.29 0.71 0.59 043 - 225
Black soil ......... 0.62 0.26 .0.74 0.33 0.40 2.40
Clay .........oovee. 0.58 0.30 0.80 0.51 0.36 2.65
Clay and water.... 0.78 0.27 0.93 0.66 0.43 3.07
Hard clay ......... 0.92 0.28 1.01 0.54 0.52 3.27
Very coarse gravel. 110 0.30 1.21 0.58 0.61 3.80
Quicks’'d and water 1.46 0.29 1.68 096 0.73 5.12
Rock .............. 1.38 0.30 2.60 0.79 1.14 6.21
Average in all soils.  0.87 0.28 1.16 0.57 0.55 3.42

Average in all soils

except rock ...... 0.80 0.28 0.97 0.54 0.48 3.07

TasLe XV.—Cost oF 40-Fr. ToLL LINE PoLEs.

Teaming and Digging Supervlslon Average
Labor in and nd Cost
. Hauling. Framing. Loca.ting Setting. Expenle Per Pole.
Sand or gravel..... $0.65 $0.30 $0.65 $0.49 $0.42 $2.51
Sand and water.. 0.70 0.34 0.73 0.50 0.46 L2.73
Clay ......ccovnnnnn 0.83 0.32 0.84 0.54 0.47 3.00
Clay and water.... 0.87 0.30 0.89 0.64 0.45 3.156
Hard clay ......... 0.94 0.36 1.06 0.60 0.61 3.57
Very coarse gravel. 1.20 0.32 1.24 0.69 0.72 4.17
Quicks'd and water 1.68 0.37 1.70 1.24 1.10 6.09
Rock ........ooenen 1.80 0.31 3.34 0.90 1.21 7.566
Average in all soils 1.08 0.33 1.31 0.70 0.68 4.10
Average in all solls
except rock ...... 0.98 0.33 1.02 0.67 0.60 3.60

TapLe XVI.—Cost oF 45-Fr. ToLL LINE PoOLES.

Teaming and Dlgging Supervision Average
Tabor in nd and Cost

Hauling. Framirg. Locatlng Setting. Expense Per Pole.

Sand or gravel..... $0.82 $0.35 $0.90 $0.66 $0.60 $3.33

lay ...... veseees.. L12 0.34 1.01 0.77 0.58 3.82

Hard clay ......... 1.30 0.32 1.20 0.88 0.69 4.39

Quicks’d and water 1.98 0.30 3.86 1.44 1.26 8.84

Rock and water.... 2.60 0.34 7.49 1.19 1.82 13.44
Average cost in all

solls ............. 1.56 0.33 2.89 0.99 0.99 6.76
Average cost in all

soils except rock. 1.30 0.33 1.74 0.94 0.78 5.09

Note: 45-ft. toll lincs not being frequently built, sufficient data on which
averages could be based could not be had for some kinds of soil.
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TaBLe XVIIL.—Cost oF SELF-SUSTAINING PoLEs WITH GROUND BRACEs.

Teaming and Framing Digging Supervision Average
bor in and and and Cost
Hauling. Stepplng Locating. Setting. Expense. Per Pole.
Clay, poles 30 ft.... $0.79 $0.47 $1.30 $0.44 $0.53 $3.53
Hard clay, poles 30
ft. i 1.07 0.51 1.53 0.46 0.65 4.22
Average ln all soils,
poles 30 ft........ 0.93 0.49 1.42 0.45 0.59 3.88
Clay, poles 35 ft... 0.84 0.48 1.24 0.54 0.64 374
Hard clay, poles 35 :
ft. oo 1.19 0.50 1.57 0.58 0.71 4.55
Average in all soils, .
poles 35 ft,....... 1.02 0.49 1.40 0.56 0.68 © 415
Clay, poles 40 ft.... 1.12 0.54 1.56 . 0.79 0.72 4.73
Hard clay, poles 40
ft. oo 1.54 0.52 1.97 0.76 0.80 5.39
Av erage in all soils, :
poles 40 ft........ 1.33 0.53 1.67 0.77 0.76 5.06

TasLe XVIIL—Cost oF 3o-Fr. SELF-SUSTAINING PoLEs SET 1N CONCRETE.

Teaming Setting Super- Average
and Framing Digging : and vision Cost
Labor in and and Mixing Placing and Per

Hauling. Stepping. Locating. Concrete. Concrete. Exp’'se.  Pole.
Sand or gravel..$1.10 $0.27 $0.82 $0.35 $0.75 $1.02 $4.31

Sand and water. 1.07 0.31 0.97 0.33 0.89 0.98 4.55
Clay ............ 1.26 0.22 1.17 0.36 0.87 1.11 4.49
Quicksand and

water ......... 1.40 0.2¢4 . 1.45 0.57 1.08 1.20 5.94
Average cost in i :

all soils........ 1.21 0.26 L10 0.40 0.90 1.08 4.95

TasLe XIX.—CosTt oF 35-Ft. SELF- SUSTAINING PoLes SET IN CONCRETE.

Teaming Setting Super- Average
and Framing Digging ’ and vision Cost
Labor in and and Mixing Placing and Per

Hauiing. Stepping. Locating. Concrete. Concrete. Exp'se.  Pole.
Sand or gravel..$1.04 $0.30 $0.86 $0.38 $0.79 .$1.07 $4.44
Sand and water. 1.13 0.29 1.01 0.41 1.01 1.10 4.95
Clay ......coouue 1.22 0.31 1.13 0.44 1.03 1.01 5.14
qucksand and

water ......... 1.48 0.34 ° 1.52 0.62 1.22 1.28 6.46

Average cost in
all soils ....... 1.22 0.31 113 0.46 1.01 112 5.25

TaeLe XX.—Cost oF CRrOSS-ARMS.

Teaming
and Labor Putting Supervision Av. Cost
in Hauling. on Arms. and Expense. Per C.Arm.
Six-pin $0.024 30 074 $0.022 $0.12
Ten-pin ...... 0.05 13 ©0.04 0.22
Ten-pin alley 0.07 0 20 0.07 0.34
Terminal .... 0.06 0.15 0.05 0.26

TaeLe XXI.—Cost OoF ANCHORS INCLUDING ANCHOR GUYS.

Item— Stombaugh. Miller. Rock.
Teaming and labor in hauling............... $0.11 $0.33 $0.34
BOoring ... .ot i i e 0.73 e
Drilling .......coiiiiiiiiiiiiiiiiiiiiiiiaa., L e 0.90
Setting danchor .............ccieiveiiiiaa., 0.20 0.13 0.19
Placing guy ........ciiiiiiiiiiiiinn., oo 0.23* 0.31t 0.44%
Supervision and expense 0.12 0.34 17
Average cost per anchor including guy.... 0.66 1.84 2.14

*No. 4 galvanized steel wire used for guys; this anchor used for farm
line. 1 %-in. strand used for guys.
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TaBLE XXII.—Cost oF Loc ANCHORs INCLUDING ANCHOR GuUYS.

Average

.. Super- Cost
Teaming and vision per An-

Labor in Setting Placing and chor, inc.

Hauling. Digging. Anchor. Guy. Expense. Guy.
Sand or gravel.... $0.37 $0.81 $0.31 $0.37 $0.33 $2.19
Sand and water*... 0.56 1.71 0.91 0.20 1.57 4.95
Black sofl ......... 0.43 0.76 0.35 0.44 0.30 2.28
Clay ...cvveviniennn 0.63 1.40 0.60 0.49 0.63 3.75
Clay and water.. 0.60 1.70 1.00 0.60 0.73 4.63
Hard clay.......... 0.59 1.75 0.85 0.63 0.59 4.41
Hard pan.......... 0.81 2.04 0.84 0.43 0.67 4.79
Very coarse gravel. 0.96 2.10 0.97 0.55 0.93 5.61
Quicks’d and water 0.87 2.39 1.19 0.65 1.10 6.20
Av. cost in all soils. 0.65 1.63 0.78 0.48 0.76 4.30

*Note—Hole often caves ln if not sheeted.

TabLe XXIIL—Cost oF GUYING AND SETTING STUBS.
Super- Average
Teaming and vision Cost per
Labor in Setting Placing and Stub, inc.
Hauling. Digging. Stubs. Guys. Expense. Guy.
15 Ft. Stubs— .
Sand or gravel..... $0.37 $0.74 $0.26 $0.32 $0.36

$2.05
Clay ............... 0.53 0.88 0.24 0.36 0.50 2.51
Clay and water.... 0.49 0.93 0.36 0.41 0.48 2.67
Hard clay.......... 0.67 0.96 0.37 0.48 0.53 3.01
Av. cost in all soils.  0.51 0.88 0.31 0.39 0.47 2.56
20 Ft. Stubs—
Sand or gravel..... 0.41 0.73 0.32 0.31 0.35 2.12
Clay ............... 0.49 0.96 0.34 0.35 0.48 2.62
Clay and water.... 0.54 1.04 0.44 0.42 0.43 - 2.87
Hard clay.......... 0.6 1.05 0.42 0.39 0.59 3.10
Very coarse gravel.  0.72 1.16 0.44 0.41 0.62 3.35
Av. cost in all soils.  0.56 0.99 0.39 0.38 0.49 2.81
25 Ft. Stubs—
Sand or gravel..... 0.69 0.79 0.47 0.41 0.52 2.88
Clay ... . 0.76 0.86 0.54 0.39 0.64 3.1y
Clay and water 0.74 1.01 0.59 0.46 0.66 3.46
Hard clay...... . 0.89 1.10 0.53 0.42 0.61 3.55
Av. cost 1n all soils.  0.77 0.94 0.53 0.42 0.61 3.27
TaBLe XXIV.—CosT oF GUYING AND SETTING SELF-SUSTAINING STUBS IN
‘ : CONCRETE.
Setting Stubs
Teaming and Super- Av'ge
and Mixing Placing vision Cost per
Labor in Con- Con- Placing and Stub inc.
Hauling. Digging. crete. crete. Guys. Expense. Guy.
15 ft. Stubs—
Sand or gravel..$0.88 $0.95 $0. 38 $0.60 $0.37 80 83 $4.01
.Sand and water. 0.83 1.16 0.3 0.66 0.41 4.29
Black soil....... 0.77 0.97 0. 41 0.59 0.38 0 74 3.86
Black soil and
water ......... 0.99 1.00 0.36 0.64 0.39 0.91 4.29
Quicksand and
water ......... 1.08 1.41 0.43 0.93 0.43 0.98 5.26
Average cost in
all soils........ 0.91 1.10 0.39 0.68 0.40 0.86 4.34
20 ft. Stubs—
Sand or gravel.. 0.86 1.02 0.45 0.68 0.41 0.89 4.31
sSand and water. 0.92 1.11 0.46 0.73 0.43 0.90 4.55
Black soil....... 0.83 0.98 0.40 0.76 0.37 0.86 4.20
Quicksand and
water ......... 0.97 1.46 0.36 1.07 0.36 0.94 5.16
Average in all .
solls .......... 0.90 1.1t 0.42 0.81 0.3 0.90 4.56
25 ft. Stubs - .
Sand or gravel.. 1.02 0.98 0.52 0.76 0.4 0.88 4.60
Sand and water. 1.08 1.06 0.46 0.84 0.37 0.96 4.77
Quicksand and =
water ......... 1.22 1.50 0.41 1.12 0.43 0.9¢ 5.67
Avcerage in all .
soils .......... 1.11 1.18 0.46 10.91 0.41 0.94 5.01
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TaBLE XXV.—Cost oF GUYING AND SETTING SELF-SUSTAINING STUBS
Wira GrOUND BRACEs.

Teaming Super- Average
and vision Cost per
Labor in Setting. Placing and Stub. inc.
¢ Hauling. Digging. Stubs. Guy. Expense. Guy.
16 ft.—
Clay .. $0.77 $0.94 $0. 42 $0.39 $0.74 $3.26
Hard clay 0.86 1.18 0.40 0.35 0.83 3.62
Av. cost in all soils. 0.82 1.06 0. 41 0.37 0.78 3.44
20 ft.—
Clay ... 0.84 0.92 0.46 0.38 t0.82 3.42
Hard cla . 1.02 1.12 0.49 0.43 0.87 3.93
Av. 2cost. in all ‘soils.  0.93 1.02 0.48 0.40 0.85 3.68
ft.—
Clay RO UUDTI 1.01 0.98 0.57 0.41 0.79 3.76
Hard clay.......... 1.04 1.16 0.64 0.46 1.07 4.37
Av. cost in all soils. 1.03 1.07 0.60 0.44 0.93 4.07
TasLe XXVI.—Cost oF PusH Pou-: BRACES.
Teaming Super-
and vision Average
Labor in and Cost per
¢ Hauling. Framing. Digging. Setting. Expense. Brace.
20 ft.—
Sand or gravel..... $0.27 $0.18 $0.22 $0.28 $0.23 $1.18
Sand and water... 0.34 0.17 0.28 0.24 0.30 1.33
Black soil.......... 0.30 0.27 0.26 0.2 0.26 1.38
Clay and water. 0.43 0.19 0.31 0.26 0.37 1.56
Av. 2cost in all soils. 0.33 0.20 0.27 . 0.27 0.29 1.36
5 a—
Sand or gravel..... 0.28 0.26 0.29 0.25 0.26 1.34
Sand and water... 0.41 0.21 0.34 0.31 0.38 1.66
Black sofl.......... 0.27 0.14 0.32 0.24 0.23 1.20
Clay ..cooveniennnn. 0.53 0.17 0.38 0.27 0.49 1.84
Av. cost in all soils. 0.37 0.20 0.33 0.27 0.34 1.61

TasLe XXVIL.—Cost oF WIRE STRINGING.
Teaming and Stringing Supervislon Average
Labor in and Cost
Hauling Equlpplng Expense per Mile,
No. 12 galv. steel for farm lines....$0.89 $3.04 $0.90 - $4.83
No. 12 galv. steel for toll circuits... 0.99 3.25 0.72 4.96

.104 bare copper for toll circuits.... 1.18 3.65 0.80 5.63
.080 bare copper for street and alley
Hnes .....ccoviiiiiiiiiiiiineenennn 1.22 3.18 0.66 5.06

Note—The cost of trimming trees is not included in wire stringing. This
cost varies 8o greatly that averages are of no value. The reel shown in Fig.
15 was used to string most of the wire on which these costs are based.
On account of being equipped with a friction brake, adjustable to any size
coil, and designed for handling either one or two colls, this style reel was
found to facilitate wire stringing and reduce its cost.

TaBLe XXVIII.—Cost oF LINE ORDERS.

. Teaming and Stringlng Supervision Average

Labor in nd and Cost per

Hauling. Equlpping Dxpense Line Order.

City or village lines........... $0.49 81 60. S') 43 82.52
Farm lines.................... 0.35 .38 2.09

Note—Line orders include only the cost of stringing and equipping the
line wire and drop to the house, necessary for a telephone installation, the
inside wiring and installation of telephone set being done by ‘‘installers.’’
As the prlnclgml cost of line orders is in the equipping, they are averaged
by number of line orders instead of miles as in stringing wire. It makes
little difference in cost whether two, three or four spans of wire are strung.
The average line order in cities and villages requires four to five spans of
circuit, and for farm lines scven to elght spans. In cities and villages to
oomplete the average line order very little work other than stringing wire
and setting one or two poles and cross arms is necessary. The jobs being
small, the time lost between jobs makes the cost higher than on farm
lines ‘where it usually requires one or two days' work for each line order.
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TasLe XXIX.—Cost oF Drops.

Teaming and Stringing Superv;sion Average
an

Labor in an Cost
Hauling. Equipping. Expense. per Drop.
City and village lnes........ $0.15 $0.54 $0.07 $0.76
Farm lines........... ceeceenns 0.10 0.47 . 0.10 0.67

Note—When for a line order the strlnging of a drop is all that is neces-
sary, it is put under “Drops’ instead of ‘“Line Orders.”

CONSTRUCTION COST DATA.

The data given in Tables VI to XXIX are average costs
based on over 10,000 poles, cross-arms, anchors, etc., erected
on over 500 jobs in both city and country, and in all seasons
of the year. In general, winter work is found to average in
cost with spring work. In winter the frost makes digging
and setting more expensive and the cold increases the cost
of stringing wire, erecting cross-arms and work requiring
men to be on the poles. These drawbacks are balanced in the
spring by bad roads, muddy tools and slippery footing. Sum-
mer and fall work costs about 10 per cent. less than winter and
spring work.

Wages.—The rates of wages paid and on which the costs
in Tables VI to XXXVII are based are as follows:

Station gangs:

Foremen, per month....................... $90.00 to $100.00
Timekeeper, per 8-hour day................. 225to0 250
Linemen, per 8hour day................ ... 295to  3.2§
Combination men, per 8-hour day....... ... 225t0 250
Groundmen, per 8-hour day...... e 2.00to0  2.15
Teams, per 8-hour day............ e 4.00t0  4.50
Floating gangs:

Foremen, per month and board............. 65.00t0 75.00
Timekeeper, per 8-hour day and board...... 1.25t0  1.40
Linemen, per 8-hour day and board......... 1.80to  2.00
Combination men, per 8-hour day and board. 1.25t0 1.40
Groundmen, per 8-hour day and board...... 1.00

Teams, per 8hour day and board........... 3.00t0  4.00

From 50 to 75 cts. per day are allowed for board of team
and $1 per day, including Sundays, is allowed for board of
each man. In the cost data given, the rate for men in floating
gangs is found by dividing the board per month, $30 or $3r1,
by the number of working days, 26 or 27, and adding the
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amount to their rate per day. Mistakes in construction such
as digging a hole in the wrong location are not included in
these averages.

Classifications of Soils.—Combinations of soil being almost
endless, the divisions assumed are necessarily, to some extent,
arbitrary. Loam is included with clay. When quicksand is
dry and does not run it is classed as sand. Very coarse gravel
includes clay and cobbles. If the soil is one-half hard clay
and one-half clay and water, it is classed as hard clay; if one-
half hard clay and one-half clay, it is classed as clay and water.
The ‘“average cost in all soils” and the “average cost of all
soils except rock” are figured as if each pole was set in a dif-
ferent kind of soil, whereas in most districts clay predom-
inates, except in the spring of the year, when the greatest per-
-centage of the digging is in clay and water. In estimating
work, the average costs in those soils predominating in a dis-
trict should be used.




CHAPTER IL
METHODS AND COST OF CABLE CONSTRUCTION.

While cable requires more careful handling than wire, still

the percentage of linemen or other skilled labor necessary is
small, as a foreman at one end of the job and an assistant, or
lineman, at the other end, can readily supervise and direct the
“work of the men. The average cost of labor per hour is
therefore 3 cts. to 5 cts. less than for line work. The aver-
age supervision, however, is higher on account of cable work
being done mostly in large districts where foremen are better
paid than in small districts. This also applies to foremen
~who install toll cable, they being experienced and highly
paid—men used for difficult jobs or work requiring very care-
ful handling.

Although the specification set forth the manner in which

cable is to be handled. still there iIs a greater chance for fore-
men to display judgment. in cable work than in line work,
especially in the laying out of work. Line work can gen-
erally be dropped for the day at almost any time, whereas, a
cable reel once opened, the cable must be erected or pulled in
the same day on account of its lability to injury.
- Cable being the main arteries of a telephone plant in cities
and towns, no expense is spared to install it in the most ef-
ficient and permanent manner. The costs given are based on.
high grade work, foremen being held responsible in any case
where the work is not standard. '

CONSTRUCTION DETAILS.
Sizes of Cable.—The cable referred to in these labor costs

is loose core, paper insulated, lead sheathed cable. The diam-
eter, thickness of sheath, and weight are as follows:

25
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22 B. & S. GAGE.

No. of Outside Diam- Thickness of Weight, lbs.,
Pairs. cter, inches. Sheath. per 100 ft.
10 31 s 59%
15 131 T 70
25 i3 1% 93
50 1 T2 132
100 1% A 212}
200 1% 400
400 25% 3 606
600 2 3 3 802
19 B. & S. GAGE.

25 1 e . 142

50 14 ) 228
100 148 3 444
200 23 3 ) 581
300 2 3 3 751
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Fig. 16.—Method of Splicing Messenger Straad.

Erecting Messenger.—Messenger is, (1) No. 4 Steel Wire, -
(2) 3%-in. Strand, and (3) %-in. Strand, constructed accord-
ing to the following specifications:

A No. 4 steel wire messenger shall be used to sustain 2§
pr. 22 ga. aerial or lighter cables. The messenger shall be
secured to the pole with a No. 4 messenger support and a 7-

‘in. lag screw, tightly but carefully screwed up so as not to

strip the threads in the wood of the pole. ,

A 34-in. strand shall be used for the suspension of 25 pr.
19 ga. and 50 pr. 22 ga. aerial cables, and for 100 pr. 22 ga.
and 50 pr. 19 ga. aerial cables in spans not longer than 145 ft.
The strand shall be attached to the pole by means of a 34-in.
strand support and one 7-in. and one 4-in. lag screws.
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The 15-in. strand shall be used to sustain all aerial cables
heavier than 50 pr. 19 ga. or 100 pr. 22 ga., and for 50 pr. 19
ga. and 100 pr. 22 ga. in spans longer than 145 ft. The strand
shall be attached to the pole by means of a V4-in. strand sup-
port and two 6-in. lag screws. The method of splicing strand
is shown by Fig. 16. )

Aerial Cable.—Aerial cable is of the following kinds: 10 pr.,
22 ga.; 1§ pr., 22 ga.; 25 pr., 22 ga. and 19 ga.; 50 pr., 22 ga.
and 19 ga.; 100 pr., 22 ga. and 19 ga.; 200 pr., 22 ga. and 19
ga. The specifications for aerial cable work are as follows:

Aerial cable may be erected by the use of capstan, by winch,
by horsepower, or by hand. The speed should not exceed 50
ft. per minute, and the armor of the cable should be inspected
carefully for imperfections as it is unreeled.

ol
=1

Fig. 17.—Method of Fastening Cable to Pole.

In setting up, cable should always be taken from the top
of the reel. The reel should be set up as nearly in line with
the lead wire as possible. For four spans or less, no lead
wire will be required. It is not advisable to pull lengths of
cable in excess of 1,000 ft.

After the reel is set up and the cable ready to be pulled, the
lagging shall be removed from the cable reel and the cable
rope shall be fastened to the end of the cable. In fastening the
rope to the cable either a clevis, wrapping of wire or marlin
should be used, depending upon the pull, size of cable, etc.
The cable rope must be provided with a swivel hook or ring.
The winch, capstan, or whatever device is used for pulling the
cable, shall be placed at the farther end of the run and suitably
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braced. The end of the cable rope shall be carried to the
drum and wrapped about it.

The cable is attached to messenger wire by means of
standard cable clips. The clips shall be attached to the cable
by passing the doublé loop of marlin around the cable and
drawing the cable up through the loop. The clip shall be
attached to cable as it is unreeled and shall be spaced 15 ins.’
apart for 200 pr., 22 ga. and 100 pr., 19 ga. cable, and be
spaced 20 ins. apart for all smaller cables. The method of
fastening the cable to the pole is shown in Fig. 17.

Where cable is liable to injury from chafing trees or poles,
buildings, etc., wooden cleats shall be placed around the cable
-at 'such pcints as shown in Fig. 18. If it is necessary to pre-
vent slipping of cleats, rubber tape may be wrapped around
_ the ends of the cleats and cable. '

FH- — 31 T
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Fig. 18.—Guard to Protect Cable from Chafing.

Equipping Cable or Terminal Poles.—The equipment used
on cable or terminal poles is as follows: 50 pr. protected ter-
minal boxes (with ground rods); 25 pr. protected terminal
boxes (with ground rods) ; 25 pr. unprotected terminal boxes;
15 pr. unprotected terminal boxes, and pole seats. The speci-
fications for this work are as follows:

Protected terminals shall be used where open wire lines
which are one mile or over in length take cable and where
cable is in close proximity to electric light or power wires.
On alley lines the terminal boxes shall be attached as shown
in Fig. 19. On center arm lines the terminal boxes shall be
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attached to the pole below the bottom arm so as to clear the
lowest wires. Cable poles equipped with 25 or 50 pr. cable
boxes shall have pole seats which shall be attached as shown
in Fig. 20. Ground rods for protected boxes shall be a plain
iron rod Y:-in x 5-ft., with 3 ft. of No. 12 N. B. S. soft copper
wire soldered to one end. Ground rods shall be driven into
the earth alongside of the pole so that the top shall be on a
level with the ground. A No. 5 copper wire shall be at-
tached to the No. 12 N. B. S. wire and secured to the pole by
means of staples driven every 2 ft.

Wiring Cable or Terminal Poles.—This division covers the
cost of bridling line or open wires to cable boxes. The speci-
fications are as follows

—— e

W
Fig. 19.—Method of Attaching Terminal Boxes on Alley Lines.

No. 18 twisted pair rubber covered bridle cr jumper wire
shall be used in connecting ling wires to cable boxes. The
bridle wires shall be attached to the pole between the cable .
box and the cross-arms in a neat bunch, and shall be run
along the under side of the cross-arms through wooden cleats.

Rodding Underground Cable.—The duct in which cable is
to be placed shall first be rodded. To the end rod shall be
" attached a length of No. 12 steel wire, which shall be used to
pull into the duct the steel rope, used in pulling the cable.

Main Underground Cable.—U'nderground cable is of the
following kinds: 50 pr., 22 ga. and 19 ga.; 100 pr., 22 ga. and
19 ga.; 200 pr., 22 ga. and 19 ga.; 300 pr., 22 ga. and 19 ga.;
400 pr., 22 ga.; 600 pr., 22 ga.; 150 pr., 16 ga.; toll cable, and
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120 pr., Y5-14 ga. and 15-16 ga. toll cable. The specifications
for underground cable work are as follows:

The cable may be pulled by capstan, by winch, by horse
power or by hand, at a speed not to exceed 50 ft. per minute.
In’ setting up, the reel should be as nearly in line with the
duct as possible and ahead of the vault rather than back of
it, so that the cable will feed from the top of the reel. To the
end of the No. 12 steel wire which is pulled in when rodding
the duct, shall be fastened a steel rope which in turn shall be

[ ——————
1
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- Fig. 20.—Method of Attaching Pole Seats.

fastened to the cable by means of a cable clamp, wire hitch
or other approved method. Skids and sheaves shall be set up
as nearly as possible in a straight line from the mouth of the
duct. The cable should be fed in at a uniform speed and the
armor carefully inspected. Where the cable is 2 ins. or more
in diameter, the ducts should be swabbed with soapstone,
mica or graphite, except in the case of short straight runs.
Cable in passing through vaults shall be divided so that cable
entering the vault on either side of the center of the vault
shall be carried around that side of the vault to the duct’
where it leaves vaults again, as shown in Fig. 21.
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Lateral Underground Cable.—Lateral underground cable is
of the following kinds: 25 pr., 22 ga. and 19 ga.; 50 pr., 22 ga.
and 19 ga.; 100 pr., 22 ga. and 19 ga., and 200 pr., 22 ga. and
19 ga. The specifications for this work are as follows:

Lateral cable shall be set up and pulled in the same man-
ner as main cable. Where the cable is 1 in. or over in diam--
eter, the duct should be swabbed with soapstone, mica or
graphite, except in the case of short, straight laterals, 100 ft.
or less.

Forms for Reporting Costs.—The manner in which the costs
are reported is shown by Forms 12 to 18 inclusive. The
method of collecting the data and figuring cable work costs
is similar to the method used for line construction, which has
been explained.

Fig. 21.—Diagram Showing Method of Passing Cable Through Vaults.

CABLE WORK COSTS.

With the exception of underground toll cable, the following
cost data, Tables XXX to XXXVII, are based on work done
in cities and towns. The data were collected and figured on
the same principle as “Line Construction Costs,” data on over
500,000 ft. of cable and messenger being used in drawing the
averages.
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Fig. 22,—~Unloading Reel of Cable Fig. 23.—Feeding Cable Into Vault.
from Wagon,

Fig. 24.—Pulling Cable. Fig. 25.—Placing Cable Box on Pol-.

Fig. 26.—Cabhle Grip.
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Form 12. I
DataSecured by........................ ... i
EReCTING MESSENGER. !
No. 4 Steel Wi Order No.........
no‘s“anﬁe re Location.................... Date................ 190
'§” Strand Foreman...............covvuniinn.
No.Ft. | and Super. | Total | No.hes
o. Ft. an : . hrs.
Brected | Labor in | Erecting E:“%se Cost * | Worked Remarks
| Hauling pe
! | i l

Note:—The cost of erecting messenger, besides being reported separately, is included
in the cost of erecting aerial cable. On the forms used for reporting the cost of erecting
aerial cable, the teaming and labor in hauling, and supervision and expense of erecting
messenger are included respectively in-the cost of teaming and labor in hauling, and super-
vision and expense of erecting cable. The cost of erecting messenger is reported in the
special column headed ‘‘Erecting Messenger.”’

Form 13. .
Data Secured by...........................

10 pr. 22 Ga. .
12 R -:? AERriAL CABLE.
25 . %g or gg Ga. Order No.........
138 “« 19 v 9 v Location.................... Date................ 190
200 * 19 ¢ 22 Foreman..........................
T X | | e - -
No.Ft.| ‘eaming : : Super
and Erecting | Erecting Total No. hrs. per.
CO{)] Labor in | Messenger | Cable Cost Worked l“:md Remarks
able! Hauling ! xp- !
l | | l | |
Form 14.
Data Secured by.oo....oooviiiiii ..
Equipring CABLE PoLEs.
. Order No.........
Dizeof BoX.-- - Location.................... Date................ 190

Unprotected Foreman....................c.....

Teaming | Attaching
Nﬁ;leoi and ~ |Cable Box | Attaching Sm‘ Total ggl‘ g: Remark
Equip'd Labor in and Pole Seat | p Cost Worked arks
qu-p Hauling | Gr'nd Rod . : o

Note:—No seat being attached to poles equipped with 15 pr. boxes the corresopnding
column is left blank. When unprotected boxes are attached ‘“Ground Rod" is erased.

Form 15.
Data Secured by...........................
WiriNGg CaBLE Pores.
Order No.........
Location....................Date................ 190
Foreman..........................
| |
Teaming
No. of | Super. 1 l No. of
Pairs Laggg in | Wiring | _ an 1(‘3?)?3 ours Remarks
Cut in Hauling | ’ Expense ‘ ; Worked
I | |
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Form 186.
Data Secured by........cooviiiiiinnnnenn.
Robpbing.
. Order No.........
City Location.................... Date.......coovun... 190
Country FOreman.....ooovvvenennannnn., '
Teaming
No. of Super. Ne. of
Duct Feet | 1 824 | Rodding | _aad Total ours | Remarks
Rodded Hauling Expense ‘Worked
I l |

Nore:—On account of the great difierence between the cost of rodding conduit built
through the country, and conduit built in cities the data are kept separate. The reasons
for this difference in cost are that very few vaultsin the country districts have drainage or
sewer connections as in cities; this makes it necessary to pump out almost every vault
before rodding. The distance from the station to the work being much greater in the
country than in city work, also increases the cost. The cost of rodding besides being re-
ported separately is included in the cost of installing underground cable; teaming, and
supervision and expense of rodding being included in the form for reporting *‘Underground
Cable” in the columns headed respectively ‘‘Teaming and Labor in Hauling,” and ‘‘Super-
vision and Expense.” Rodding is reported in the special column headed ‘‘Rodding.”

50 Pr. 19 or 22 Ga. From 17.

égg . }g . 2% " Data Secured by...........................
300 * 19 * 22 UNDERGROUND CABLE (MAIN).

400 °* 19 :: :: Order No.........
0. }gc&n Location..................Date................ 190
120 ** $-14 Ga. and 3-16 Ga. Foreman..............coiiiininnn.

Teaming '

No.Ft. Super.| No. of

pulled 1 iggg in Rodding Pulling %%;’3 and Houzs Remarks
in Hauling Exp. | Worked

| | | l o

Form 18.
Data Secured by...........................

UNDERGROUND CABLE (LATERAL).
25 Pr. 19 or 22 Ga.

Order No.........
100 * 19 22 * Location.................... Date................ 190
200 * 19 22 ¢ Foreman..........................
Teaming |
No.of | No. Ft. Super. No. of
Later-| Pulled Laggg in | Pulling | and ’l(‘:%ttd Hours | Remarks
als in Hauling Exp. Worked
| | | | !

Note:—The average cost of lateral cable is figured per foot and per lateral, the cost
er lateral being found useful in estimating where the exact length of laterals is not known.
o rodding is necessary for laterals as they are wired when building.

TasLe XXX —Cost oF ERECTING MESSENGER.

Teaming and Supervision Average

Labor in and Cost

Hauling. Erecting. Expense. per Foot.

No. 4 steel wire............ $0.001 $0.0050 $0.0015 $0.0080
3-in. strand ............... 0.0011 0.0052 0.0010 .007
1%-in, strand ............... 0.0013 0.0057 0.0012 0.0082

Note—No. 4 steel wire costs more to erect, comparatively, than strand
on account of the former being used to suspend small cable which is fre-
quently installed where interference from trees is bad. Erecting messenger
or cable through trees increases the expense considerably.



CABLE WORK. 35

TaBLE XXXI.—Cost oF AERIAL CABLE Per Foor.

Teaming and Supervision Average

Labor in Erecting Erecting and Cost

Hauling. Strand. Cable. Expense. per Foot.

10 Pr.—22 Ga.*...... $0. 0058 $0.0049 _ $0.0099 $0.0065 $0.0271
156 Pr.—22 Ga.*...... 0.0046 0.0048 0.0135 0.0045 0.0274
25 Pr.—22 Ga........ 0.0044 0.0051 0.0130 0.0042 0.0267
25 Pr—19 Ga........ 0.0065 0.0047 0.0108 0.0050 0.0270
50 Pr.—22 Ga........ 0.0044 0.0054 0.0128 0.0039 0.0265
50 Pr.—19 Ga........ 0.0054 0.0057 0.0114 0.0034 0.0259
100 Pr.—22 Ga........ 0.0052 0.0058 0.0116 0.0035 0.0261
100 Pr.—19 Ga........ 0.0057 0.0064 0.0126 0.0034 0.0281
200 Pr.—22 Ga........ 0.0053 0.0062 0.0128 0.0037 0.0280

*See note on “Erecting Messenger.” Not sufficient data on 200 Pr. 19
Ga. to draw an average.
TaBLE XXXII.—Cost oF EQuUIrPING PROTECTED CABLE POLES.
Teaming Attaching

and Cable Box Attaching Supervision Average
Labor in Pole and Cost
Hauling. Ground Rod. Seat Expense. per Pole.
25 Pr. BoX......oocvenen $0.26 $0.59 $0.3 $0.26 $1.43
50 Pr. BoX.............. 0.32 0.66 .33 0.30 1.61
TasLe XXXIII.—Cost or EQuipPING UNPROTECTED CABLE PoOLES.
Teaming and Supervision Average
Labor in Attaching and Cost
Hauling. Cable Box. Expense. per Pole.
15 Pr. Dox. ..$0.17 $0.44 $0.15 $0.76
25 Pr. Box.. 0.46 0.18 0.84
TasLe XXXIV. —Cosr oF WIRING CABLE PoOLEs.
Teaming and Supervision . Average
Labor in and Cost
Hauling. Wiring. Expense. per Pair.
$0.027 $0.121 $0.019 $0.167
TaBLe XXXV.—Cost oF RobppING.

Teaming and Supervision Average
Labor in and Cost
Hauling. Rodding. Expense. per Foot.
City ...cvvvvviiiiiiiininnns $0.0010 so 0036 .$0.0016 $0.0062
Country .................. 0.0018 .0061 0.0019 0.0098

TaBLE XXXVI—Cost oF UNDERGROUND CaBLE (MaAIN).
Teaming Super- Average
and Labor in vision and Ccst
- Hauling. Rodding. Pulling. Expense. per Foot.
60 Pr.—19 Ga.............. $0.0048 $0.0034 $0.0061 $0.0017 $0.0161
100 Pr.—22 Ga........ovcnn. 0.0042 0.0037 0.0065 0.0018 0.9162
100 Pr—19 Ga.............. 0.0054 0.0039 0.0062 0.0019 0.0172
200 Pr.—22 Ga.............. 0.0057 0.0036 0.0067 0.0015 0.0175
200 Pr.—19 Ga.......co00vue 0.0061 €.0031 0.0071 0.0021 0.0184
300 Pr.—22 Ga.............. 0.0066 0.0036 0.0097 0.0018 0.0217
200 Pr.—19 Ga.............. 0.0073 0.0030 0.0093 0.0024 0.0220

150 Pr.—16 Ga. Toll Cable.. 0.0101 0.0058 0.0147 0.0043 0.0349
120 Pr.—%-14 Ga. and %- 1
Ga. Toll Cable............ 0.0122 0.0 0.0158 0.0048 0.0396
Noie: The weight of a reel of 120 Prv—% 14 Ga. and %-16 Ga. averages
between 3% and 5 tons. The cable grip shown in Fig. 26 was used on some
jobs in pulling in the cable. It reduces the cost, as it may be connected
and removed instantly, whereas a wire hitch takes some time to attach and
remove. It also is superior to a wire hitch because it does not injure the
cable and will rot pull off.

TaBLe XXXVIIL.—Cost oF UNDERGROUND CABLE (LATERAL).

‘feaming Average
and Supervision Length Average
Labor in and Average of Cost

Hauling Pulling Expense Cost Laterals per
per Foot. per Foot. per Foot. per Foot. in Feet. Lateral.

26 Pr.—22 Ga..... $0.0044 $0.0112 $0.0029 $0.0185 117 $2.17
650 Pr.—22 Ga..... 0.0063 0.0198 0.0042 0.0303 132 4.01
50 Pr.—19 Ga..... 0.0071 0.0226 0.0062 0.0359 123 4.42
100 Pr.—22 Ga..... 0.0068 0.0220 0.0059 0.0347 126 4.36
100 P».—19 Ga..... 0.0111 0.0316 0.0064 0.0491 115 5.64
200 Pr.—22 Ga..... 0.0109 0.0310 0.0061 0.0480 112 5.39
200 Pr.—19 Ga..... 0.0138 0.0354 0.0076 0.0563 117 6 62

Note: 25 Pr.—22 Ga. costs much less to install than other cable, as it
is always pulled in by hand, and its small diameter and light welght make
it easily handled.



CHAPTER IIIL
METHOD AND COST OF CABLE SPLICING.

Of all outside construction the most delicate work is cable
splicing, and it requires the most skilled and careful labor.
The careless removal of the insulation from conductors has
been known to cause crosses which cost hundreds of dollars
to locate and clear. A splice when not properly made is al-
ways a source of “trouble cases” which are difficult to locate
and expensive to clear; but even the cost of locating and
clearing is small in comparison with the loss of revenue and
the annoyance to subscribers caused by the interruption of
service, especially when a main cable is in trouble. Above all
things, good splicing requires conscientious work, and on the
personnel of the men depends the quality of the splice. Cheap
splicing is not generally good splicing; therefore in estimating
the cost of splicing, no attempt should be made to force quick
work, which is nearly always expensive in the end.

The organization of splicer gangs is somewhat different
from line gangs; the gangs being composed of a head splicer,
one or two splicers, and an equal number of helpers. Each
gang is assigned to a district and is stationed in the principal

town in the district. When necessary a gang is increased by

drawing from other gangs, and all men receive board when
working outside of the town in which they are stationed. The
head splicer usually splices or tests out when the gang is
small, little supervision being necessary.

A great deal of overtime is worked because of most splxces
which cause interruption of the service being made at night
and also on account of splices being often worked on until
finished. This sometimes makes a splicer’'s wages per one-
half month between $60 and $100 dollars.

CLASSIFICATION AND DEFINITIONS.

Systematizing the costs of cable splicing is more difficult
than in any other branch of telephone construction; first, be-

36
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cause of the general confusion in the names of the different
splices, and second, because of the endless combinations in
splicing. In order to avoid confusion, a leg of a cable box
will be referred to as a cable and two sections of a cable not
already spliced will be called two cables; thus if two sections
of a -100-pr. cable are to be spliced they will be referred to as
two 100-pr. cables. For the purposes of this chapter the splic-
ing of conductors will be used to indicate the kind of splice,
and splices will be referred to as follows:

Straight Splices.—(1) When all the conductors. of two
cables are spliced together, each joint of conductors being
composed of two wires; (2) when the conductors of one
cable are spliced into a cable containing a larger number of
conductors, part of wlich are left “dead,” each joint of con-
ductors being composed of two wires; and (3) where either
part or all of the conductors of two or more cables are spliced
into part or all of the conductors of another cable, each joint
of conductors being composed of two wires and the conduc-
tors not spliced being left “dead.”

Bridge Splices.—(1) When all the conductors of three or
more cables are spliced together, each joint of conductors be-
ing composed of the same number of wires; (2) when all
the conductors of a cable are spliced into a cable composed of
one-half, one-quarter, etc., the number of conductors, each
joint of conductors being composed of like number of wires.

* Straight-Bridge Splices.—When some of the conductors of
a cable are spliced, as described under “Straight Splice” and
some as described under “Bridge Splice.”

There are endless combinations in splicing, as for example,
into a 100-pr. cable may be spliced a 10, 15, 25, 50 or
100-pr. cable, etc., or a 10, 15, 25 and 50-pr. cable, etc. Also
the splice may be straight, bridge, straight-bridge or change
of count; it may be tagged or not tagged. In estimating it 1s
not necessary to have data on every possible splice. If data
showing the average cost of common and usual splices is ac-
cessible a very close estimate of any splice may be made.

CONSTRUCTION DETAILS.

Materials.—The materials principally used in cable splic-
ing are: (1) Paper sleeves for covering the joints in each con-
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ductor. The sleeves may or may not be boiled in paraffin
before received, but if they are damp, they should be boiled in
hot paraffin before using; (2) good commercial paraffin or
beeswax for drying the splice; (3) strips of muslin about 2 to
3 ins. wide for wrapping the core of the cable and binding
ends of a cable after the splice; (4) lead sleeves which shall
be pure lead, 14-in. in thickness.

The sizes of sleeve to be used for different size cables are
as follows:

For 2 Cables in a Straight Line.

10 Gage.-— 22 Gage.

No. Inside Diam. Length. Inside Diam. Length.
of prs. Inches. Inches. Inches. Inches.
15 1 16 1 16
25 1% 16 1Y% 16
50 2 18 2 18
100 3 18 2l 18
200 3 20 3 20
300 4% 22 3% 20
400 .. .. 3 22
600 .. .. 4 26
For 2 cables Forming a “Y.”

10 I 16 I 16
25 1Y 16 1Y 16
50 2Y; 18 2V 16
102 3% 20 - 3% . 20

' 200 4% 22 4 20
300 42 22 4%% 22
400 .. .. 4% 22
600 .. .. 4% 26

For splicing intermediate sizes a sleeve for next larger
size of cable is used. For splicing cables larger than are
given above, sleeves should be used of a length equal to about
eight times the outside diameter of the cable and with an in-
side diameter of about 50 per cent. greater than the outside
diameter of the cable.

Split sleeves are used in the following cases: (1) Where
cables form a double “Y”; (2) where on account of the posi-
tion or bends in the cables it is impossible to slip a sleeve
back and run it up in place again over the splice when it is
completed; (3) where in splicing a branch cable into a work-



CABLE SPLICING. 39

ing cable, only the conductors to be spliced are cut, the other
conductors remaining in service and the old sleeve not being
used again on making the new splice.

Instructions for Making Splices.—If it is possible splices
should be finished and soldered up the day they are begun. If
the weather be dry, the splice may be left open over night,
provided it is protected from moisture by having a rubber
blanket or other suitable moisture-proof substance wrapped
around it. However, work on a splice in a moist place should
be continued until completed. It is recommended that the
splice be boiled out after splicing every 50 pairs, when moist-
ure is likely to get into the splices. When a cable is cut it
should be thoroughly dried and its ends sealed tight with
solder. Just as much care should be taken with a temporary
job as a permanent one.

If moisture has entered the end of a cable or if it is even
suspected that it has, a short piece of the cable should be
cut off and dipped into hot paraffin. If moisture is present
it will be detected by a frying noise. The damp part of the
cable should be cut away gradually if it can be spared, and
each piece tested for moisture. If the length of the cable will
not allow the damp portion to be cut away, the exposed damp
portion shall be boiled out and then a portion of the lead
sheath of the cable cut and slipped over it and the new ex-
posed part boiled out. This process, known as slipping, shall
be continued until all moisture is expelled. Care must be
taken not to tear the insulation in slipping the sheath and all
joints shall be closed by the regular wiped joint. When it is
found that there is no more moisture present, the cable should
be spliced.

Whenever a cable is cut for any purpose and it is necessary
to leave the cable end, it should be thoroughly dried and
sealed with half and half solder, or the end turned down and
securely taped. Care should be taken to see that the joint is
made just as secure and air tight as if it is to be permanent.
The following splices namely straight, bridge and straight-
bridge are made exactly the same way in both aerial and un-
derground work. The same is true for “changing count” and
for “cuts.”
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Straight Splices.—The following operations, in this order,
shall be performed in splicing two cables in a straight line.

(1) A light-indentation shall he made in the sheath of each
cable with a clipping knife to mark the point at which the
sheath is to be removed. This shall be made at a distance
from the end of each cable equal to the length of the lead
sleeve to be used. A portion of the sheath of each cable for
about four inches beyond this mark shall be scraped bright
and rubbed with tallow or something equally as good to keep
the cables clean during splicing. The sleeve for a distance
of about 4 ins. from each end shall be scraped bright and
treated in the same manner. The tallow acts as a flux in
making the joints. _

(2) The lead sheath of each cable shall be cut on the
marks above described to a sufficient depth to break readily
on bending, and the ends removed. Care must be used in
removing the sheath not to injure the insulation.

(3) The core shall be bound tightly with narrow strips of
muslin at the end of the cable sheaths, packing the muslin
under the sheath as much as possible so as to prevent the
sheath from cutting the insulation on the conductors.

(4) As soon as possible after removing the lead sheath from
the cable, the cable should be boiled out with hot paraffin
until all the moisture is removed. The muslin binding should
be boiled also. Paraffin remaining in the core will form a seal
to keep all moisture out during the splicing. The tempera-
ture of the paraffin shall not be hot enough to scorch or in-
jure the insulation on the wires. In boiling out cables great
care must be exercised that the paraffin is not too hot. Paraffin
when too hot, not only injures the insulation of the cable con-
ductors, but is dangerous to life. If paraffin be heated so hot
that white fumes arise it should bé allowed to cool before
being used. The paraffin should never be so hot as to in-
jure rubber insulated wire- when immersed in it for one
minute. In drying or boiling out a cable with paraffin, al-
ways begin at the cable sheath and work towards the center of
the splice or end of conductors, so as not to force moisture
nnder the lead sheath. The paraffin should be poured cn
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with a ladle, a pan or the pot being used to catch the paraffin
draining off. .

(5) Next the lead sleeve shall be slipped over one of the
cables- and pushed back out of the way.

(6) If several lengths of a cable are to be spliced at succes-
sive places, or in making the first splice on any cable, no
testing or tagging is necessary. The splice shall be made
without regard to the conductor assignment of the pairs, the
red wires being spliced to the red wires and the white wires
to the white wires. Pairs in corresponding layers should

Fig. 27.—Sequence of Operations in Making Straight Splices. '

be spliced together. In all other cases it is necessary to
splice according to conductor assignment, and a battery shall
be put on one pair of conductors and this be picked up by the
splicer at the other end. This pair shall be used as a talking
pair and then the other pairs in the cable shall be selected in
a similar manner and tagged.

When branch splices are made on a working cable, care
must be taken not to unnecessarily disarrange the lay of con-
ductors. Particular care must be taken not to nick the wire
and not to cut the insulation any more than is necessary. If
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the insulation be cut it is liable to unwind from the wire,
causing crosses in the splice.

When a splicer is hunting pairs in a working cable of a
central battery exchange, he must connect a condenser in
series with his knife and head telephone. This is to prevent
him from causing the switchboard lamps of working lines
which he touches to flash, thus giving signals to the operator.
In all tagged splices the extra pair shall be so tagged when a
splice is completed that it may be readily accessible in clear-
ing trouble.

(7) The cables shall be lined up straight and securely fast-
ened, the distance between the ends being about three inches
less than the length of the lead sleeve.

(8) “After the cables are lined up in position, the conduc-
tors shall be bent out of the way at the sheath and then
spliced in the following manner:

(9) Starting at the center or lower back side of the cables,
a pair of wires from each cable is brought together with a
partial twist, as shown in Fig. 27A, thus marking by the bend
in the pair the point at which the joint is to be made. Re-
move the insulation from both wires beyond the twist, care
being taken not to scrape the conductors. Slip on a paper
sleeve over each wire of one pair of conductors and push back
out of the way to make room for the joint.

The wires shall be connected by the ordinary twist joint.
The like wires from the two pairs to be spliced shall be
brought together at the point marked in the bend, and given
two or three twists as shown in Fig. 27B. The two wires are
now to be bent as shown and twisted together as if turning
a crank. The ends of the wires shall be cut off so as not to
leave the twisted wires shorter than 1 in. The twist shall
be bent down along the insulated wire and the paper sleeve
slipped over the joint as shown on Fig. 27D. The completed
joint is shown also.

Care should be taken in picking out pairs to be spliced to
take the center pairs first and to arrange the outer pairs about
them neatly. The wire joints shall be distributec along the
length of the splice in order to keep the splice uniform in size
and shape.
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- (10) When all the wire joints have been ‘made the splice
shall be boiled out again with hot paraffin until all moisture
has disappeared. The paraffin should be applied as described
before, working towards the center of splice.

(11) The splice (while hot) shall be wrapped with strips
of muslin 2 or 3 ins. wide and compressed so as to be ad-
mitted into the lead sleeve. The splice must not be com-
pressed so tightly as to cause crosses in it. It will not be
necessary to boil the splice out again unless moisture has
gotten in during the wrapping with muslin. The muslin
must not be boiled in paraffin before wrapping.

(12) The lead sleeve shall be slipped into place before the
splice is cool. The ends of the lead sleeve, which should
overlap the ends of lead sheath on cables about 15 ins,
shall be beaten down to conform with the cable sheath and a
wiped joint carefully made at each end. In making wiped

Fig. 28.—Completed Cable Splice.

joints, strips of gummed paper shall be used to limit the
joints. All wiped joints should be carefully inspected, using
a mirror, when necessary, to detect any imperfections in the
seal. Figure 28 shows a completed cable splice.

The method of making a joint in cable splices where the
size of the conductor is 16 gage or greater, shall be the
same as for the ordinary splice described above, except that
in the process of twisting the conductors together, one wire
shall be taken in each hand and each wire given five turns
around the other.

The method of making a straight splice when three cables
form a “Y,” is generally the same as for splicing cables in a
straight line. The ends of the cables are prepared in the
same manner by removing the lead sheath from each cable
a distance equal to the length of the lead sleeve to be used.
The two cables forming a straight line are secured with the
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ends of the sheaths a distance apart equal to about 3 ins. less
than the length of the sleeve. Then the third cable shall be
lashed to one of the other cables (depending upon the direc-
tion in which-the third cable is to be run) with ends of
sheaths even, and directly opposite to that on the single cable.

The method of making a straight splice when four cables
form a double “Y” is generally the same as described above.
The ends of the cable are prepared in the same manner and
the cables lashed together as described in the method of
splicing three cables forming a “Y.” The cables running in
the same direction are lashed together with ends of their lead
sheaths opposite each other. Spit. sleeves shall be used on
such splice. The seam of the spit sleeve must be carefully
soldered, and the ends of the sleeve beaten down to conform
to the sheath of the cables and soldered with a wiped joint
at both ends. After finishing wiping the ends, the seam
should be touched up again to make certain that it is tight.

Bridge Splices—The method of making a bridge splice is
the same as for a straight splice except that the wire joints
are made by twisting together like wires of three or more pairs
of conductors. . '

Straight-Bridge Splices.—Straight-bridge splices are made
in the same way as straight splices except that some wire
joints are made by twisting together like wires of three or
more pairs of conductors as in making a bridge splice, and
some wire joints are made by twisting together like wires of
two pairs of conductors as described in straight splicing.

Changing Count.—When in the redistribution of cable it
becomes necessary to change the assignment of conductors
of a branch cable to other conductors of a main cable it is
known as chauging count. This splice is generally a tag
splice except when the conductors of the branch cable are to
be spliced into pairs left “dead.”

The joint shall be blown by melting the wiped joint at
each end of the lead sleeve and the sleeve cut away or slipped
back if in condition to be reused. Then a pair of conductors
shall be disconnected and joined to a pair of conductors on the
new count, this process being continued until the change of
count is complete. The general method of making the splice
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is otherwise the same as for a straight splice, a bridge-splice
or. a straight-bridge splice, depending on the number of wires
composing each joint of conductors.

When the change of count on a branch cable is made into
a working cable of which part of the conductors are not to be
cut; a split sleeve must be used if the old sleeve is not in
condition to be reused.

t is sometimes necessary to lengthen the conductors in
order to make the wires of sufficient length for resplicing.
This is done in the following manner:

A pair of conductors in the main cables is cut. To one
end of each conductor shall be spliced a short piece of bare
wire of the same size as the cable conductors. This wire
should be twisted about the insulation of the wire two or
three times to prevent its pulling back on the conductors.
The second end of the main conductor, the free end of the
bare wire and a like conductor of a pair in the branch cable
shall be twisted together, in the same manner already de-
scribed and covered with a paper sleeve, which shall be long
enough to cover both ends of the bare wire.

Aerial Cuts.—\When a branch cable is cut off of one cable
and spliced into another, it is known as a cut. In disconnect-
ing the cable the joint shall-be blown in the same manner as
described for changing count. The conductors shall be dis-
connected by cutting or pulling apart and the joint sealed up
as usual. The branch cable splice is then made into the new
cable, the method of splicing being the same as for a straight,
a bridge, or a straight-bridge splice. depending on the number
of wires composing each joint of conductors.

Splicing Toll Cable Into Cable Terminating in a Loading
Coil or Pot.—The cost data on splicing toll cable into cable
terminating in a loading pot are based -on ‘splicing 120-pair,
14 gage or 120-pair, 16 gage into a 120-pair, 18 gage cable
terminating in a loading pot—60 pair being taken from each
of two 120-pair one-half 14 gage and one-half 16 gage toll
cables, and splicing the balance (60 pairs from each toll cable)
straight through. The 14 gage part of the toll cable is spliced
into a cable terminating in a loading pot about every 7,000 ft.,
and the 16 gage part, about every 9,000 feet.
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Each cable must first be tested for crosses, grounds and
insulation as is the case in splicing all toll cable. In splicing
toll cable into cable terminating in a loading pot the method
will be as follows:

The sheaths of cables are to be removed in the same man-
ner as described for three cable forming a Y, except that one
of the toll cables shall have its sheath removed for a distance
cqual to about twice the length of the sleeve to be used. The
cable terminating in the loading pot shall be placed on top of
the toll cable which has had its sheath removed for a distance
equal to double that of the other toll cable, and shall be lashed
together with ends of sheaths even with each other. The
single toll cable shall be secured in a position directly oppo-
site to-the other two cables with ends of sheaths a distance
apart equal to about 3 ins. less than the length of sleeve. The
conductors shall then be spliced in the same manner as for any
straight splice except in the following particulars: The con-
ductors of the toll cable which is lashed to the cable terminat-
ing in the loading pot shall be looped up so as to bring them
in position for splicing into the cable which terminates in
the loading pot.

In the process of twisting the conductors together one wire
shall be taken in each hand and each wire given five turns
around the other. )

Where only part of each toll cable is to be spliced into cable
terminating in a loading pot and the balance spliced straight
through, the method of making the splice is the same as de-
scribed above except in the following particulars: The toll
cable which is lashed to the cable terminating in the load-
ing pot shall have the conductors which are to be spliced
straight through, cut off at a distance from the end of the
sheath equal to the length of the sleeve to be used and the
balance of the conductors shall be looped up as described be-
fore. The conductors of each toll cable which are to be
spliced straight through, shall be joined together at the bot-
tom of the splice in the manner described for straight splicing.

Potheads for Terminating Aerial Cables.—Aerial cables ter-
minate in a standard pothead on protected terminal bhoxes.
The pothead being attached to the terminal boxes when re-
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ceived from the manufacturer very few of these splices are
made by splicing gangs. Although no data on the cost of
these splices are on hand, they are explained on account of be-
ing work which cable splicers are sometimes required to per-
form. -

In making aerial potheads only No. 22 gage okonite, twisted
pair wires shall be spliced to paper insulated lead covered
cables. The twisted wires are to have an insulation of 7/64
in. thick and one of each pair of wires to have a light cover
to be used as a tracer. The colors of the okonite wire and
wires of cable to be spliced to match, and the splice staggered
over a distance. The joints of conductors are to be covered

Casr /mon Gacvanizeo o
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Fig. 29.—A 50-Pr. Pothead for Protected Terminal Box.

by paper sleeves. When the splice is finished, it is boiled out
with hot paraffin, beginning at the lead sheath ends and
working towards the center of the splice, in order to expel the
moisture. Then the splice shall be bound with hot muslin
just previously having been boiled out in hot paraffin, the
muslin strip to be about 34-in. wide. After the splice is
tightly wrapped with the muslin strip, it is bound up with
waxed linen twine and the pothead castings pulled over same.
Care must be taken to see that none of the muslin or twine
stick above the line shown on drawing of pothead, Fig. 29,
and that no fibrous material is in the upper layer of the com-
pound. The pothead and cable are joined by a cast or sol-
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dered joint. This must be absolutely tight and carefully in-
spected.

After arranging the splice in the pothead casting and ar-
ranging the okonite wires at the top of the casting so as not
to be in contact with each other, the pothead casting shall be
filled with ozite compound, or its equivalent, to within % in.
of its top. As the compound settles more shall be added to
keep it to height mentioned. The pothead casting should he
warmed to a temperature of 200° F. before filling same and
while the ozite compound is settling should be kept at a tem-
perature of about 140° F. The ozite compound must be a
perfect insulater, and must not shrink on cooling, or crack
at a temperature of 10° below zero. The ozite compound, or
its equivalent, must not flow under its own weight at a tem-
perature lower than 60° F., and it must be a perfect fluid at
220° F. The pothead is then filled to the top with cimmerian
asphalt, or its equivalent, which seals the ozite, and prevents
it from flowing in hot weather. This compound must be flexi-
ble at a temperature of zero deg. Fahrenheit and melting
point of 200° F.

When the upper ends of the okonite wires are to be con-
nected to brass studs in the terminal boxes, both studs and
ends of wire must have been previously tinned by using acid
or salt flux, which has been neutralized with wood alcohol.
The wires can be soldered to terminal stud with plain or resin
flux solder. ’

Potheads for Connecting Main Cable to Distributing Rack
Cables.—Potheads for connecting main cable to distributing
rack cables are always made by a splicing gang. It is never
a tag splice, but is tested to find extra pairs. The distributing
rack cable shall be silk and cotton insulated, lead covered,
either 20-pr. or 4o-pr. cable. The method of making a pot-
head shall be as follows:

The main cable shall be prepared for splicing in the same
manner as for a straight splice, with the exception of the boil-
ing out process. In boiling the cable out, a mixture of about
one-half paraffin and one-half beeswax shall be used. The
ends of the silk and cotton distributing rack cables shall be
boiled out with the same mixture. When this mixture is used,
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the paper insulation is not so likely to crack, and it will not
be necessary to carry two pots for boiling and during splic-
ing—the paraffin for the paper insulated cable and the bees-
wax for the distributing rack cable. The ends of all the cables
to be spliced will be prepared in the same manner.

A lead sleeve of the proper size shall be slipped over the
main cable and the distributing rack cables passed through
the small wood disc. This disc is shown in Fig. 30, and is
drilled in each case, to correspond with the number of dis-
tributing rack cables to be spliced. The holes to be just large
enough to admit the cables and the disc to fit snugly inside

.
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Fig. 30.—Method of Splicing Underground and Distributing Rack Cable.

the lead sleeve. The cables are then lined up as straight as
possible and the splicing done the same as for a straight cable
splice. The wood disc which had been previously run up
on the distributing rack cables shall now be slipped down
just so that the lead sheath on the distributing rack cables
shall come flush with the bottom of the disc and the lead
sleeve i¥ then run up so as to bring the top of the disc about
1 in. below the top of the lead sleeve. The lead sleeve is then
wiped to the main cable as usual.

Upon the top of the wood disc shall be placed a layer of
fine dry sand one-half of an inch thick. Upon the top of this
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layer of sand shall be placed a layer of wiping solder in the
proportions of 1 part tin to 2 parts lead, flush with the top of
the lead sleeve. Care should be taken to see that the layer
of lead is soldered perfectly tight about the lead sheath of
each cable and the lead sleeve covering the splice. When this
is done in a neat and mechanical manner the pothead will be
finished.

Connecting Cables to Distributing Rack.—From the pot-
head the distributing rack cables are carried either in a rack
or runway or vertically upward to the distributing rack, the
method depending upon the relative position of the pothead
rack below and the distributing rack above. The pothead is
always made after the cables are distributed on the rack.

20L0ER ——om

ENLARSED ViEw OF
TERMMAL CLIP

Fig. 31.—Method of Soldering Switchboard Cable Conductor to Terminal
Blocks on Main Distributing Frames. .

The rack ends of the distributing rack cables are prepared
as follows: The lead sheath is removed from the ends of the
cables for a distance great enough to allow the conductors to
fan out properly upon the distributing block. The cable ends
are boiled out in beeswax until the moisture is removed in the
same manner as described for boiling out process in splicing
cables. At the butt of the lead sheath, waxed muslin will be
crowded under the sheath as closely as possible and the butt
of the cables wrapped tightly with waxed lacing twine. The
twine shall extend about V3-in. back on the lead sheathing and
about V3-in. onto the core of the cables. Then the core of the
cable shall be fanned out upon the distributing block and the
wire neatly laced in place with waxed lacing twine.

After the cable has been prepared for fanning out the con-
ductors shall be passed through holes in the terminal block
in line with the clips to which they are to be soldered. The
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wires shall be pulled tight enough to take out any slack and
cut off so as to project about a 14 in. beyond the end of the
clip to which it is to be soldered. The insulation shall then
be cut back about 34 in., and the wire brightened by scraping.
The end of the wire shall then be given one-half a turn
around the clip in the neck and soldered with one drop of flux
solder. The end of the wire shall not be soldered to the clip
but left projecting about 1/32 in. in order to afford plier.-hold
in case of removal. The method above described is illustraied
in Tig. 31..

The distributing rack cables shall then be taken up vertical-
ly into the center of the distributing rack and as close as pos-
sible to the arm upon which it is to be laced. The cables shall
be laced tightly to the horizontal arms of the distributing rack

Fig. 32.—View Showing Cable Ready Fig. 33.—View Showing Completed
for Splicing. Cable Splice.

with waxed lacing twine. When the distributing rack cables
have to cross arms or part of the frame at right angles and in
such a manner as to rest on them the frame shall be wrapped
with at least two layers of adhesive tape wherever contact
with the cable is made to prevent the grounding of the con-
ductors should the sheath be injured. When the cables are
carried above the distributing rack in a rack or runway, they
will distribute down vertically into the center of the dis-
tributing rack, as close as possible to the block upon which
they are to be fastened. : :

General Order of Making Splices.—Splicing a cable into a
workiné; cable or a cable connected with the distributing rack
or the splicing together of two cables which are connected
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with counts, is generally a final splice and it is necessary to
test and tag all the cables spliced on account of subsidiary
splices being made prior to this splice. It is unnecessary in
splicing the leg of a ‘terminal box or in splicing a lateral cable
into a main cable to tag the first splice when the main cable
has not been connected or spliced to any other cable.

After- the several lengths of the main cable have been
spliced a leg of a terminal box or a branch cable—as the case
may be—is spliced into the main cable. It is generally best
first to splice in the terminal box or branch cable containing
the largest number of pairs, as this splice would otherwise
require the most tagging. The balance of the splices are then
made, each splice being tested and tagged. The amount of
pairs tagged depends on the size of the branch cable or ter-
minal box, and the number of pairs tested depends on the
size of the cables. '

Form 19. .
Data Secured by...........................
STRAIGHT SPLICE.
. . (Aerial) Order No.........
g;aégz?né:g’ipllce Location.................... Date............... 190
No. of Prs. Spliced Foreman..........................

Tagg- 3
No. of | Team-| Fram- ingi Splic- Wip- Sug. Total | Extra | Total Re-

s h ing an Hours | Hours
Splices, ing | ing | Test-| ing |roints | Exp. | Ot | Worked | Worked | ™arks

Note:—"‘Framing'’ includes the cost of erecting the platform, cutting the sheath and
preparing the cables for splicing. *‘Splicing” includes joining the conductors, boiling out,
wrapping and getting in shape to put on lead sleeve. ‘‘Wiping Joints’ includes putting
lead sleeve in place and wiping joints.

| : Form 20.
Data Secured by............... ... ... .... .
BRIDGE SPLICE.
Di ¢ Soli (Aerial) Order Na.........
Si;?;g;?né:blespllce Location.................... Date............... 190
No. of Prs. Spliced Forecman.............ccovuneunon..
T i
| Tagg- 4
No. of , Team-, Fram- inagg‘é: Splic- ‘?;'"z" Sa:a‘:l Total gﬁ{’:;: El‘g:s']s Re-
Splices ing | ing | Test- [ ing Cost Worked | Worked marks

mg
i_——-h

Joints ' Exp.

| | | i

Note:—Where a splice is made on a working cable the blowing of the joint is included
in “Framing.” A notation should be made under “Remarks” if the splice is made on a
working cable.
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Form 21.
DataSecured by................cviinnn.
STRAIGHT-BRIDGE SPLICE.
£ Spli (Aerial) Order No.. ....
Diagram of ce . . on
Size of Cables Straight Location............... Date............ .- 190
No. of Prs. Spllced{Bﬁdgui Foreman.....................

Tagg- .
No. of | Team-| Fram-| i 5: Splic- Wip- | Sup. |pgea1| Extra | Total Re-
, h h - ing and Hours | Hours
Splices| ing ing iest g | oints| Exp. Cost Worked | Worked marks

Form 22.
Data Secured by............coiiiviinnnnn..
CHANGING CoOUN'.,
(Aerial) .
of Splice Order No.........

Diagram .
Slze of Cables [Stiaight Location............... Date............... 190
No. of Prs. Spliced\Bridged Foreman.........................

Tagg- .
No. of | Team-| Fram- inﬁ Splic- V‘J':g- ‘S;:g Total | Extra | Total Re-
Splices| ing ing ’I;:sgt- g | yoints| Exp. th Worked | Worked | marks

|

Nore:—'‘Framing'’ includes the cost of blowing the joint, erecting the platform and
preparing cables for splicing.

Form 23.
Data Secured by...........................
CurTs.
(Aerial) Order No.........
m}gphee Straight Location............... Date............... 190
NoofPrsSphced{ Bridged Foreman..

T .
No. of | Team-| Fram- ing & Splic- Vz;g- Sa:g Total ﬁ:m ggumﬁ Re-

Splices| ing ing 1;;;" g |yoints | Exp. Worked | Worked | Marks
| l ! |

Nore:—"Framing’’ includes blowing the joint and disconnecting wires, erectmg plat-
form and preparing cables for new splice.

Form 24.
Data Secured by.................. PN
STRAIGHT SPLICE.
Dbi £ Soli (Underground) Order No
Sil:eg!o?ucl:b]esp ice Location.................... Date............... 190
No. of Prs. Spliced Foreman..........................

Tes .
No. of Team-|{Pump-| Fram-|ing & Splic- ?rlllng 2:% Total 5:&’: I?I‘g::']s Re-

Splices| ing ing ’f'g T:’,ggg- Mg | ynts| Exp. Cost | Worked | Worked
Al

T O 1

Note:—Splicing of loading pot cables and toll cable are reported on this form.
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Form 28.
Data Secured by... ...
BRIDGE SPLICE.
Di £ Spli (Underground) Order No.........
iagram of Splice s
Size of Cables Location.................... Date............... 190
No. of Prs. Spliced Foreman..........coocvivuninnn e
Test-

No. of | Team-|Pump-| Fram-|ing &| Splic- Wip- i‘;‘% Total g’;&"; ﬁg;’é Re-

Splices| ing ing ing Tﬂlg:- ing Jaxl:gs Exp. Cost Worked | Worked marks

| I [ |

Form 26.
Data Secured by...... L
STRAIGHT-BRIDGE SPLICE. .
Di £ Splice (Underground) Order No.........
s,‘:eg;?méﬁ,]esp Straight Location............... Date............... 190
No. of Prs. Spl“’ed{Bridged Foreman..................... ’

. Tes! " Re-
No. of | Team-|Pump-| Fram-|ing & Splic- Wip-| Sup. |15¢1 Eg;‘;‘; }’l;g:l’;ls ks

3 ing
Splices| " ing ing ing Ti:f:' ng Iynts | Exp. Cost | Worked Worked |

Il|.|l | 3 :

. Form 27.
Data Secured by................ciiivenn...
CHANGING COUNT.
Diagram of Splice (Underground) Order No.........
Size of Cables. - (Straight LOBHOR.-ov i Date...oeennennn. 190
No. of Prs. SPl‘ced{Bndged Foreman.....................

Test-l Wwio s ‘ Re-
No. of | Team-|Pump-| Fram-|ing &; Splic- [ 1P~ up. |1otq)| Extra | Total
Spices ing | ing | g (Tage| he | | B3 | Cost| ok | Worken

ng I ) .

I [ I

F ] . Form 28.
Data Secured by........................ ...
- Curs.
(Underground) Order No
Diagram of Splice ' .
Size of Cables Straig Location............... Date............... 190
No.of Prs. bphced{Bndged Foreman P

Test- . }
No. of | Team-{Pump-| Fram-{ing &| Splic- \i'ﬁp- Sa:% Total! 11_3[23_: l?l.g;ax:ls Re-

X < ng ¢ ‘e
Splices| ing | ing | ing |Tage-| ing |pngs | Exp.| CO%) Worked | Worked | ™aris
I

l l [ l
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Form 29.
Data Secured by.....oooviiiiinenienenennn,
= POTHEAD.
. . Order No.........
g:ugof cﬁfless"““ Location........oovvninnnn.. Date............... 190
No. of Prs. Spliced Foreman..................covvuenn
Test- Wip- | Sup. Extra Total Remarks

No. of | Fram-| ing & | Splic- |_ing and | Total | Hours Hours
Splices | ing |Tagg-| ing [Joints | Exp. | Cost | Worked | Worked
mg

| | | I

Note:—There is no column'for teaming on this form as this class of work is done in
telephone exchanges and the material is hauled by the line gang.

Form 30.
DataSecured by...............coiiiiiennnns
CoNNECTING CABLE To DISTRIBUTING RACK.

No. Pairs Connected Location.................... Date............... 190
Size of Cable Foreman..........................

Placing Distribut | [Solder-
Gble | Fram| on Rack [Lac-| wi€, | Sup. | qosar | Extra | Total
Pothead| "8 | 800 Lon |in8 | oo | SRC ) Cost | ot | fiorey | Romatke

Note:—No column for teaming is put on this form as this class of work is done in
telephone exchanges and the material is always hauled and stored on the premises by .the
line gang. “Framin]g‘:cilncludea stripping armour, boiling out with beeswax and preparing
cable for frame. ‘Lacing” includes lacing wires together, lacing cables to and to

runway.

FORMS FOR REPORTING COSTS.

The forms for reporting the cost of cable splicing
are shown in Forms 19 to 30. Very little explana-
tion of these forms is necessary as the -divisions
compare with the. actual division of splicing already - de-
scribed. On most of these forms spaces for entering the num-
ber of pairs tested and the number of pairs tagged will be
found. Except in the case of splicing into working cable, no
separation is made in the cost data between the same kind
and size of tagged splices whether more or less pairs are
tested and tagged, as they average about the same in either
case.. On account of it being necessary to pump out some
vaults before splicing, a special column for recording the
cost of pumping will be found on the forms for underground
cable splices. Unlike the forms used for line construction and
cable work, the forms used for cable splicing do not include
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“labor in hauling” with “teaming” on account of practically
no labor being expended in hauling material.

Method of Figuring Cable Splicing Costs.—The method of
figuring cable splicing costs is the same as described for Line
Construction and Cable Work except that board is included
in “Supervision and Expense.” This is done on account of
" board being paid in addition to the regular wages only when
the splicers are working away from their station. Splicers
are required to return to their station each day when possible.
In this case board is allowed for one meal only.

CABLE SPLICING COST DATA.

Cable splicing costs, Tables XXXVIII to LXII, are based
on the following rate of wages:

Per 8hour day.
Head splicers ...ocvvveneniennniinnennnnns $3.40 to $3.70
Splicers ............ P 3.00to 3.20
Helpers ....cooiiiiiiiiiiiiiiiiiinnnen. 1.75to 2.00
Rigs (usually single).............. e 2.50to 3.00

Time and one-half is paid for overtime. There being prac-
tically no difference between the cost of splicing 19 gage and
22 gage cables they are not separated in the following cost
data. The cost of making several splices of the same kind
and size have been found to vary very little. Except when
the splicing is done by splicers who have worked all night,
usually splices of the same kind and size will not vary more
than 10 per cent.

The cost of splicing into working cable is kept separate
on account of being more expensive than splicing into other
cable. The difference is caused by it being necessary to test -
and tag all cables spliced, the care used to prevent unneces-
sary interruption of service and also because the splice is
often worked on after regular hours for which splicers are
paid time and one-half.

The cost of blowing the joint of a working cable and the
cost of cutting the sheath off of cables in preparing for a
splice, are about equal.

In making a change of count or a cut it is often necessary
to lengthen the conductors by splicing on a piece of wire of
the same gage. This adds considerably to the cost of splicing
conductors together. '
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TaBLE XXXVIIL.—Cost oF STRAIGHT SpLICES, AERIAL, Not TAGGED.
Super- Aver.
vision Cost

Number and 8ize of Cables Wiping and per
Spliced— Team’g. Fram'g. Splic’g. Joints. Exp’se. Splice.
2-15 Pr........ 8054 $0.42 $0.35 $0.50 $0.49 $2.10
2-25 Pr....... Gesesssccensisenns 0.31 0.51 0.52 0.60 0.37 2.31

2-50 Pr...ccecececcccccancens ... 0.68 0.57 0.82 0.57 0.60 3.14

. 0.76 1.44 0.62 1.02 4.46
0.97 3.08 0.70 1.50 7.02
0.47 0.37 0.56 0.50 2.19
0.44 0.39 0.52 0.53 2.22
0.42 0.568 0.54 0.49 2.44

0.64 0.87 0.61 0.64 3.38

1-15 Pr. and 1-25 Pr. into 1-50
Pr.,, 10 Pr. Left Dead........ 0.65 0.63 0.86 0.64 0.58 3.26

2-15 Pr. into 1-50 Pr., 20 Prs.
Left Dead ........eecvvunnnn 0.47 0.59 0.66 0.62 0.50 2.84
2-25 Pr. into 1-50 Pr.......... 0.61 0.66 0.90 0.59 0.70 3.46
Note—A straight splice is rarely made on a working cable. When an

extension is necessary it is usually made by pulling in a new cable and
bridging it into a main cable. In the ‘above data each section of cable is

referred to as one cable.

Taple XXXIX.—CoST OF STRAIGHT SpLIcES, AERIAL, TAGGED.

- Av'ge

Number Testing Supervis- Cost

and Size of Ca- Team- Fram- and ‘Wiping ion and per
bles spliced. ing. ing. Tagging Splicing. Joints. Expense. Splice. .

2-15 Pr....coiceeeeee...$0.29 $0.46 $0.44 $0. 36 $0.44 $0.62 $2.61

. . 0.36 0.44 0.53 0.4 0.46 0.64 2.97

0.56 1.02 0. 77 0.560 0.70 4.13
0.78 1.66 1.49 0.60 111 6.30

0.48 0.48 0.40 0.50 0.60 2.7
0.50 0.69 0.54 0.45 0.64 3.21

1-50 Pr. into 1-100 Pr.,

50 Prs. Left Dead... 0.60 0.60 1.08 0.82 0.60 0.73 4.43
1-15 Pr. and 1-25 Pr.

into 1-50 Pr., 10 Prs. .

Left Dead .......... 0.51 0.63 0.96 0.79 0.66 0.70 4.25
2-16 Pr. into 1-50 Pr.,

20 Prs. Left Dead... 0.49 0.58 0.79 0.62 0.65 0.59 3.72

TaeLe XL.—CosTt oF STRAIGHT SPLICES, UNDERGROUND.
(Cost of srlicing 60 prs. from each of two 120 pr. 1%-14 gage and %-16
gage toll catles into a 120 pr. 18 gage cable terminating in a loading pot,
and splicing the balance straight through.)

Part of Super- -

Cable vision Average
Spliced and Cost
Straight Team- Pump- Fram- Test- Splic- Wiping Ex- per
Through ing. ing. ing. ing. ing. Joints. pense. Splice.
14 Gage..... .31.04 $0.62 $1.68 $1.80 $8.69 $1.82 $6.47 $22.12
16 Gage..... . 1.01 0.64 1.64 1.86 8.88 1.79 6.52 22.34

Note—This class of work is generally done in the country. The super-
vision of a head splicer and board for the gang make the cost of ‘‘Supervi-
sion and Expense’ high. ’
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TaBLe XLI.—Cost oF STRAIGHT SPLICES, UNDERGROUND, Not TAGGED.
Av'ge
Supervision Coat
Number and Size of Team- Pump- Fram- Splic- Wiping and

Cables Spliced. ing. ing. ing. ing. Joints. Expense. Spllce.
2-50 Pr..... P ....$0.46 $0.53 $0.49 30 80 $0.45 $0.60 83 33
2-100 Pr............... 0.59 0.56 0.60 1.42 0.49 0.86
2-200 Pr........... v... 059 0.58 0.87 2.86 0.57 1.38 6 85
2-300 Pr.....ccocoennnn 0.61 0.55 0.91 3.67 0.61 1.59 8.04

25 Prs. Left Dead .. 0.40 0.42 0.44 0.65 0.42 0.54 2.87
T.
Left Dead... 0.52 0.51 0.52 0.84 0.49 0.72 3.60

60 Prs.
1-100 Pr. into 1-200 Pr.
. 100 Prs. Left Dead.. 7 0.58 0.57 0.76 1.51 0.54 0.94 4.90

TasLe XLII.—Cost oF STRAIGHT SPLICES, UNDERGROUND, T AGGED.

Number Testing Supervision Av’ge
and Size and and Cost
of Cables Team- Pump- Fram- Tag- Splic- Wiping Ex- per
Spliced. lng. ing ing. ging. ing. Joints. pense. Splice.
2-50 Pr.......$0.4 $0.49 $0.51 $0.98 $0.78 $0.42 $0.64 $4.24
2-100 Pr...... 0.66 0.54 0.62 1.68 1.37 0.51 1.11 6.29
2-200 Pr...... 0.59 0.58 0.85 2.80 2.78 0.60 1.72 9.92
2-300 Pr...... 0.60 0.57 0.89 4.06 3.69 0.62 2.06 12.49
-150 Pr. 16
Gauge Toll
ble ....... 0.96 0.61 0.92 * 1.56 2.37 0.63 3.17 10.22
2-120 Pr. 1%4-14
and 1-13 Ga.
Toll Cable... 0.94 " 0.60 0.91 1.39 1.96 0.66 2.89 9.35
1-50 Pr. into
1-100 Pr., 50
Prs Left )
a ....... 0.9 0.50 - 0.54 1.07 0.84 0.69 0.71 4.74
2-50 Pr. into .
1-100 Pr..... 0.57 0.54 0.83 1.62 1.44 0.67 1.16 6.83

Note—Toll cable is always tested for crosses, grounds and insulation, but
not tagged. Teaming and supervision and expense are higher for toll cable
than for other cable on account ef the work being done in the country.

TaeLe XLIII.—Cost oF BRrIDGE SpLiCES, AERIAL, Notr TAGGED.

Number Supervision Average
and Size of Wiping and Cost
Cables Spliced. Teaming. Framing. Splicing. Joints. Expense. Splice.

3-15 Pr.oc..cceeceness 80 50 $0.61 $0.52 $0.64 $0.57 82 84

325 Proccceeeienenes 0.656 0.87 0.62 0.70 3.46

3-50 Pr.....coeveennns 064 0.63 1.61 0.68 0.81 4.37

TasLe XLIV.—Cost oF BRIDGE SPLICES, AERIAL, TAGGED.

Number and Super-

Size of Testing vision Average

Cables and " Wiping and Cost per

Spliced. Teaming. Framing. Tagglng Splicing. Joints. Expense. Splice.

3-15 Pr....$0.563 $0.59 $0.74 $0.54 $0.65 $0.64 $3.69

3-26 Pr.. 0.59 0.66 0.98 0.84 0.68 0.76 4.51

3-50 Pr.... 0.66 0.69 1.71 1.58 0.71 1.06 6.41

TaBLe XLV.—Cost oF BRIDGE SPLICES, AERIAL, ONTO WORKING CABLE

Number and Size of Cables Spliced. £ & 2% # . $¥ &
E B £8 § £& W §a
:E & 5 ES 3% &

1-15 Pr. Bridged onto a. Splice of
32 S $0.64 $0.66 $0.78 $0.45 $0.68 $0.64 $3.85

1- 25 Pr. Bridged onto a Splice of
B 22 o 0.68 069 1.04 0.63 0.66 072 4.42

1-50 Pr. Bridged onto a Splice of :

B 32 oI 0.72 070 2.32 1.08 0.74 130 6.86

1- 100 Pr. Bridged onto a Splice of .

2-100 Pr..... tesesssssssssssessss 078 077 3.96 204 0.81 1.76 10.12
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TasLe XLVI.—Cost or Bringe Serices, UNDERGROUND, Nor TAGGED.

Number R Super-

and Size vision Average
of Cables Wiping and Cost per
Spliced. Teaming. Pumping. Framing. Splicing. Joints. Expense. Splice.’
3-50 Pr....$0.44 $0. 50 80 61 $1.56 $0.65 $0.78 $4.54
3-100 Pr... 0.53 0.4 76 2.78 0.72 1.18 6.44

3-300 Pr... 0.58 053 091 5.37 0.89 1.74 10.02

TapLe XLVII.—Cost oF BRIDGE SPLICES, UNDERGROUND, Tt:c.c.

Number and Testing Supervision

Size of and and Average
Cables Team- Pump- Fram- Tag- Splic- Wiping Ex- Cost
Spliced. ing. ing. - ing. ging. ing. Joints. pense. Splice.

3-50 Pr....... .30 46 $0.48 $0.62 $1.52 $1.53 $0.66 $1.27 86 54
8-100 Pr....... 0.42 0.52 0.74 2.39 2.62 0.70 1.68 8.87
3-200 Pr....... 0.63 0.52 0.87 8.72 4.39 0.82 2.02 13.47

TaBLe XLVIIL.—Cost oF Bringe Serices, UNDERGROUND, ONTO WORKING

CABLE. .

L e
0 .g .g.. § <§ 8

Number and Size of ¥ & Ed » % . E §. X
Cables Spliced. & g. g g g -8 g g &tﬂ ;2‘

= = el g

& 2 & & ES 2§ <

1-60 Pr. Bridged onto a

Splice of 2-60 Pr........ .30 69 $0.53 $0.¢8 $2.26 $0.97 $0.76 $1.27 §7.16

Splice of 2-100 Pr..... 0.75 0.49 073 3.79 182 0.82 1.83 10.23
1-200 Pr. Bridged onto a
Splice of 2-200 Pr...... .. 069 061 086 582 3.68 081 226 14.73

TaBLe XLIX.—Cost oF STRAIGHT-BRIDGE SPLICES, AERIAL, Nor TAGGED.

Number
and slze Number - Super-

nch and Size vision Av’'ge
Ca.bles Spliced of and Cost
into Main = Main Cables Team- Fram- S8Splic- Wipirg Ex- per
Cables. Spliced. ing. ing. ng. Joints. pense. Splice.
1-16 Pr. 1-25 Pr. $0.48 $0.48 $0.49 $0.67 $0.52 $2.64°
1-15 Pr. 2-26 Pr. 0.51 0.52 0.63 0.65 0.59 2.90
1-16 Pr. 2-60 Pr. 0.54 0.569 1.17 0.63 0.63 3.56
1-15 Pr. 2-190 Pr. 0.63 0.72 1.82 0.68 1.05 4.90
1-26 Pr 2-50 Pr. . 0.57 0.64 1.3 0.66 0.70 3.88
1-25 Pr. 2-100 Pr. 0.66 0.75 1.96 0.73 1.09 6.19
1-50 Pr. 2-100 Pr. 0.70 0.7 2.24 0.76 1.16 5.58

TasLe L—Cost oF Smmnr-BRmcn SpLICES, AERIAL, TAGGED.
No. and size

of Branch Number Super-

bles and Size Testing vision - Av'ge
Spliced of and Wip- and Cost
into Main Majn Cables Team- Fram- Tag- Splic- ing Ex- Per
Cables. Spliced. ing. ing. ging. ing. Joints. pense. Splice.
1-15 Pr. 2-28 Pr. $0.61 $0.54 $0.68 $0.66 $0.57 $0.64 $3.60
1-15 Pr. 2-50 Pr. 0.44 0.54 1.24 0.95 0.61 0.90 4.68
1-15 Pr. 2-100 Pr. 0.58 0.59 1.95 1.64 0.67 1.24 6.67
1-25 Pr. 2-50 Pr. 0.56  .0.57 1.33 1.10 0.63 1.13 5.32
1-256 Pr. 2-100 Pr. 0.54 0.64 2.07 1.78 0.76 1.32 7.10
1-50 Pr. 2-100 Pr. 0.64 0.67 2.29 1.97 0.79 1.41 .77
2-15 Pr. 2-50 Pr. 0.569 0.69 1.46 1.33 0.88 1.19 6.14
2-15 Pr. 2-100 Pr. 0.63 0.73 2.10 1.85 0.90 1.37 7.68
2-25 Pr. 2-100 Pr 0.62 0.74 2.40 2.10 0.85 1.46 8.17
1-50 Pr. 2-100 Pr 0.69, 0.81 2,67 2.31 0.89 1.65 8.92
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TaBLe LI.—CosT oF STRAIGHT-BRIDGE SPLICES, AERIAL, ONTO WORKING

CABLE.

No. and Size

of Branch Super-

Cables Testing vision Av'ge
Spliced 8ise of and and Cost
into Main Main Team- Fram- Tag- SplHc- Wiping Ex- per
Cable. Cable. "ing. ing. ging. ing. Joints. pense. Splice.
1-16 Pr. ° 25 Pr. $0.58 $0.56 $0.90 $0.44°  $0.69 $0.66 $3.83
1-15 Pr. 50 Pr. 0.61 0.50 1.43 0.63 0.72 0.96 4.86
1-15 Pr. 100 Pr. 0.67 0.62 2.30 0.74 0.70 1.19 6.22
1-25 Pr. 50 Pr. 0.64 0.59 1.62 0.76 0.74 1.02 6.27
1-25 Pr. 100 Pr. 0.68 0.62 _ 2.69 0.86 0.79 1.26 6.90
1-50 Pr. 100 Pr. 0.78 0.70 3.06 1.25 0.84 . 1.40 8.03

TaBLE LII.—CosT oF STRAIGHT-BRIDGE SPLICES, UNDERGROUND, NOT TAGGED,
No. and Size Number

of Branch and Size Super- .

Cables . of vision Av'ge
Spliced Main - Wip- and Cost
into Main Cableds Team- Pump- Fram- Splic- ing Ex- per
Cables Spliced. ing. ing. ing. ing. Joints. pense. Splice.
1-26 Pr. 2-50 Pr. . $0.38 $0.46 $0.56 $1.24 $0.62 $0.74 . $4.00
1-25 Pr. 2-100 Pr. 0.52 0.51 0.70 1.83 0.71 1.06 6.33
1-25 Pr. 2-200 Pr. 0.46 0.47 0.8 3.32 0.78 1.48 1.29
1-50 Pr. 2-100 Pr. 0.54 0.54 0.71 2.10 0.72 1.14 6.76
1-50 Pr. 2-200 Pr. . 047 0.59 0.82 3.58 0.84 1.60 7.90
1-50 Pr. 2-300 Pr. 0.60 0.52 0.91 5.95 0.88 1.68 10.54
1-100 Pr. 2-200 Pr. 0.64 0.57 0.84 4.03 0.82 1.61 8.51
1-100 Pr. 2-300 Pr. 0.57 0.55 0.98 6.21 0.91 1.74 10.96
1-200 Pr. 2-300 Pr. 0.59 0.61 1.06 6.86 0.84 2.06 12.01

TaABLE LIII.—CosT. oF STRAIGHT-BRIDGE SPLICES, UNDERGROUND, TAGGED.
No. .msue

of Brancl Number . .r,m Av’go
(hbl.u splloed and Size of Testing

Main Cables 'l‘enm- Pump- Fram- and 8plic- Wiping rer
Oa.blu. Spliced. ing. iug. ing. Tagging. ing. Joints. Exponle 8pl

1-25 Pr. 2-50 Pr. $0.41 $0.49 $0.59 $1.13 $1.03 $0.56 $1.02 $5.23
1-26 Pr. 2-100 Pr. 0.47 0.53 0.68 2.01 1.69 064 130 17.32
1-25 Pr. 2-200 Pr. 051 051 0.79 3.16. 2.89 0.67 1.71 16.24
1-50 Pr. 2-100 Pr. 0.50 0.47 073 2.18 1.82 0.62 - 136 17.68
1-50 Pr. 2-200 Pr. 060 054 084 337 316 0.69 179  16.99
1-50 Pr. 2-300 Pr. 0.57 0.62 0.94 418 499 0.78 228 14.36
1-100 Pr. 2-200 Pr. 054 056 0.83 3.67 3.61 072 184 11.77
1-100 Pr. 2-300 Pr. 0.62  0.61 1.01 449 548 0.66 241 1528
1-200 Pr. 2-300 Pr. 059 0.64 099 487 649 071 263 16.92
}:gg g: z' 2-100 Pr. 053 059 0.82 239 216 0.83 150 8.82
%:gg g: :’ 2-200 Pr. 0.56 0.59 1.03 3.48 347 091 187 1L91
2-25 Pr. 2-100 Pr. 049 056 076 226 196 087 141 830
2-50 Pr. 2-200 Pr. 053 0.61 097 3.62 3.7 0.91 1.92 12.32

1 B 2-200 Pr. 0.61 066 114 404 454 0.89 220 14,08
2-300 Pr. 064 064 116 4.68 588 0.94 268 16.62
2-300 Pr. 0.69 0.68 137 515 6.86 1.17 2.91 18.83

2-200 Pr. 062 0.73 126 3.90 407 110 2.18 13.88
1-160 Pr. .

-}
3
1-50 Pr %
3
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TABLE LIV—-Cosr OF STRAIGHT-BRIDGE SPLICES, UNDExGxOUNn ONTO
WOoRrkING CABLES.

No. and Size

of Brauch Supervi- Av'ge
Cables 8pliced Testing 0!

into Main 8ize of Team- Pump- Fram- and Splic- Wllplnz and r
Cable. Main Cable. ing. ing. ing. Tagging. ing. Join Expense. splm.

1-25 Pr. 50 Pr.  $0.46 $0.52 $0.53 $1.36 80 72 $0.64 $1.08 $5.31
3 .51 .47 .57 2.74 80 .63 1.29 7.0

1-25 Pr. 200 Pr. 0.47 0.50 0.64 3.74 0 87 0.71 1.44 8.37

3 5 . . 18 0.61 1.39 .76
23 0.68 1.57 9.3
.31 0.79 1.80 11.04
06 0.80 1.76 11.16
] 5 3 . 3 4 0.74 1.99 12.54
1-200 Pr. 300 Pr. 0.57 0.67 0.68 7.06 3.70 0.82 2.52  16.02

18 Br lsoopr. o056 062 089 433 184 096 163 1081

50 Pr.
1-25 Pr. | 200 Pr. 0.63 0.563 1.01 4.17 2.16 1.01 1.91 11.42
1-50 Pr. § 300 Pr. 0.58 0.59 0.96 6.51 1.97 0.97 2.02 12.60

Note—All the data on straight-bridge splices, both aerial and under-
ground, is based on splicing branch cables on separate counts. It makes
little difference in the cost, however, whether the branches are spliced on
the same or separate counts. In all the data on straight-brid, ¢fe splices the
two sections of the continuous cable, when not alread; §' spliced, are entered
In the column, ‘“Number and Size of Main Cables Spliced,” as 2-25 Pr.,
2-50 Pr., etc. When the cable is already spliced, as in the data under
“Working Cables,” it is referred to as 256 Pr., 50 Pr ete.

. TaBLe LV.—Cost oF CHANGING CoUNTs, AERIAL, Not TAGGED.

"
U
»
o
o]
o]
—
°
(=)
o
=3
-
©
(=3
2

1.

. 200 Pr. . X . . 1.

1-50 Pr. 300 Pr. 0.564  0.61 0.69 5.30 ;
. . .74 . :

[

No. of Su?ervl Av'go
No. and Bize Pn.in No. ot
of Branch Size of Team- Fram- Bplio- wimng and r
Cabl¢s. Main Cable Bmlght, Brldgod. ing. ing. ing. Expense. Bpl.r
1-25 Pr.* 100 Pr. 25 .. $0.68 $1.18 $1.08 $0.69 $0.91 84 64
1-50 Pr. 100 Pr. .. 50 0.75 1.64 1.72 0.64 1.19 5.94

{These splices were made onto pairs left dead.
*The main cable ended at the splice.

TaABLE I.VI.—Cost oF CHANGING CouNTs, AERIAL, ON WORKING CABLE,

TAGGED.
No. of Supervl~ Avge
No. and Size Pnlu No ot Test'ng
of Branch Size of Team- Fram-_ and 8plic- Wiping n.nd r
Cables. Main Cable. stnight. Brldgod ing. ing. Tagging. ing. Jointe. Expense. Spﬁ:o
1-15 Pr. 50 Pr.  ..... 15 $0.70 30 80 81 28 80 93 $0.61 $1.16 $5.48
1-25 Pr. 50 Pr. cees 25 0.73 07 0.66 1.28 6.81
1-25 Pr. 100 Pr. e 25 0.86 1 24 2 83 1 57 0.71 1.61 8.82
1-50 Pr. 100 Pr. ceen 60 0.84 1563 3.21 3.06 0.69 190 11.23
TasLe LVII.—Cost oF CHANGING CouNTs, UNDERGROUND, Not TAGGED.
No.of Burervl- Av'ge
No. and 8ize Pairs  No.of m
of Branch Size of Spliced Pairs Team- Pump- Fram- Splic- w ing and
Cables. Main Cable. Straight. Bridged. ing. ing. ing. ing. oints. Expense. Splieo
1-25 Pr.* 100 Pr. 25 .. $0.59 $0.43 $1.11 Sl 83 80 58 80 96 84 70
1-25 Pr. 200 Pr. . 25 0.563 052 1.22 28 07 29
1-60 Pr. 200 Pr. .. 50 0.67 049 1.62 1 91 0.69 1‘8 6 68

'rThese splices were made onto pairs left dead.
*The main cable ended at the splice.

TapLe LVIIL.—Cost oF CHANGING COUNTS, Unmckounn, oN WORKING
CaBLE, TAGGED.

Sy :

3 .

83 ¢ £ o E gt B
58 T 8.8, 8 % o5 9 S g of
5 %  «%E <% £ & £ 2E 2 @ BX ?i

] g 9 'g E g g S 3] ‘3 /)
58 ] cszg s 8 3 g 35 5 £ 8% S
Za B Zah ZA B & W BB @ B @& <

1-25 Pr. 100 Pr. 25 $0.63 £0.57 $1.06 $2.74 $1.44 $0.67 $1.66 $8.77

1-25 Pr. 300 Pr. 25 074 062 118 379 163 064 179 1039

1-50 Pr. 100 Pr. 50 083 071 134 311 299 071 186 11.55

1-50 Pr. 200 Pr. 50 072 068 143 412 318 069 208 12.90

1-100 Pr. 200 Pr. 100 084 061 256 488 521 073 257 17.40

1-100 Pr. 300 Pr. 100 079 052 270 574 553 070 2.91 1889
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TaBLE LIX.—CosT oF AEriAL CuTs.*
k] 3 @ oA 9 .
g2 2. £ 9. 9 g ogf B
B8 384 8%ef 3 L. 4 4 8, 5 2§ O
Ty wEE3 <£28 PoE A3 B B w¥ ¥ X &2
E T T AT LI B O g B d3
{° s 888 558 o a < = = =] u
S5 o5kl ssdl Ssa 28 & £ & & B 48 28
1-15 Pr. 50 Pr. 50 Pr. 5 $0.67 $1.06 $1.03 $1.20 $1.01 §$1.21 $6.18
1-25 Pr. 50 Pr. 50 Pr. 25 0.76 138 166 194 102 1.46 8.22
1-25 Pr. 100 Pr. 100Pr. .... 5 079 1.44° 298 197 1.14 170 1002
1-50 Pr. 100 Pr. 100 Pr. .... 50 087 1.73 317 377 120 198 12.72
*See note on ‘‘underground cuts.” 4
TasLe LX.—CosT oF UNDERGROUND CUTS.
Ty " ;
. 4 :
gz £, £ o9, 4 < £ g8 ¥
53 HLp, HFe.d | @ . e . 8 S $§ o4
$H OZ 0] A& Adg g ] : ; 5o 08
BonpeeEel o [ ! of Wk
: Ro0dE 88§ 5328 % 4 i 0 = & Gy O
S5 AshPSEEidag S5 & 2 F & 5 5 &% a8
1-25 Pr: 100 Pr. 100 Pr. 25 $0.66 $0.51 $1.32 $2.82-$1.91 $1.01 $1.67 $9.90
1-25 Pr. 200 Pr. 200 Pr. 25 0.70 0.54 1.37 390 204 0.94 183 11.32
1-50 Pr. 100 Pr. 100 Pr. 50 0.62 047 1.59 3.12 364 108 1.94 12.45
1-50 Pr. 200 Pr. Pr. .... 50 0.72 0.62 1.71 4.03 3.72 0.96 2.02 13.78
1-100 Pr. 200 Pr. 200Pr. .... -100 0.78 0.68 2.67 4.80 5.53 1.03 2.66 18.15
1-100 Pr. 300 Pr. 300Pr. .... 100 0.61 0.56 2.93 5.84 5.76 1.01 2.79 19.50
-200 Pr. 200 Pr. 200 Pr. 200 0.73 0.59 3.31 589 813 1.08 3.24 22.97
-25 Pr. 200Pr. 200Pr. ..,. . 50 0.81 054 214 409 396 1.33 2.23 15.10
2-50 Pr. 200 Pr. 200Pr. .... 100 0.83 0.63 2.78 4.74 573 1.49 2.58 18.78
Note—Cable off of which the branches are cut is generally a working cable.
.. TaBLe LXI.—Cost oF POTHEADS.
No. and No. and ) ’ Super-
Size of Size of Testing vision Av’'ge
Masain Distributing and ‘Wiping and Cost per
Cable. Rack Cables. Framing. Tagging Spl!clng Joints. Expense.Pothead.
100 Pr. 5-20 Pr. $0.80 $0.48 81 93 $0.86 $1.46 $5.53
200 Pr. 10-20 Pr. 1.28 0.61 3.76 0.99 3.00 ~ 9.64
300 Pr. 15-20 Pr. 2.80 0.82 4. 94 1.70 3.74 . 14.00
TapLe LXII.—Cost oF CONNECTING CABLE TO DISTRIBUTING RACK
Dutrlbntlng
. Imng : Wireson
Size of Cable Rack and Solderlng Supervision Av'ge
Cable between Pothend Fro,m Connecting to and Cost
Connected. and Rack. ° ing. Terminal Blocks. Lacing. Termlnul Bln Expense. per Cable.
100 Pr. $3.90 $0.72 - $1.22 $2.27 $0.48 $2,30 $10.89
200 Pr. 5.61 1.17 2.01 5.30 0.72 4.38 ©19.19
300 Pr. 6.43 1.62 2.94 8.18 1.32 7.14 27.63
Average Cost of Average
Connecting all ’ Cost
Size Cables per Pair.
per Pair... .266 .068 .103 .263 .042 .230 .962




- CHAPTER' 1V.

METHODS AND COST OF REMOVING OLD LINE .
AND OE RECONSTRUCTION.

Cost data on the removal of old line, or costs of removal,.
as this work will be termed here, are valuable for many rea-
sons. They are of particular value, however, when consid-
ering the advisability of making changes in a telephone plant
or when deciding as to the relative expediency of build-
ing a line overhead or underground which must ultimately
be installed underground. This .is a point that is often over-
looked in considering the advisability of keeping such costs.

In estimating the cost of changing the equipment of a
route from open wire to cable or from aerial to underground,
the main items to be taken into consideration are: The cost
of the new material plus the cost of installation; the value of
the old material less cost of removal, and the value of the in-
crease in facilities. In the case of an exchange in a town or
village, the population of which is almost stationary and the
prospects of new business at a minimum, very little allow-
ance can be made for the value of any increase in facilities;
therefore, if the route to be changed is still in fair condition,
the question of expediency in making the change resolves
down to whether the value of the material removed less the
labor cost of removing will be much less than.the cost of
the material and labor required in making the change.

Very often a new sub-division is opened in a section of the
city which is building up very rapidly, or an extension of an
elevated railroad or trolley line is built causing immediate -
and prospective demands for telephone service, which neces-
sitate the building of a main feeding line which must now or
ultimately be installed underground. The question of the
most advisable way to build for the present depends upon
whether the cost of building overhead plus the cost of re-
moving material, interest on plant ,and depreciation, would
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cause a saving in the intervening three or five years before
the line must be put underground.

Removing Old Line.—Material removed is either “junked”
or “recovered.” When it is to be junked the work of remov-
ing is usually rough, requiring less skill than any other di-
vision of telephone work. Material to be recovered, however,
requires careful and skillful handling. The method of re-
moval requires very little explanation as in general it is the
reverse of the methods used for installing which have already
been explained. The work of removing material is done by
the construction gangs which are used for line work.

Anchors are rarely removed as the expense of removal is
more than the value of the article. Old poles and stub are
always removed no matter how valueless on account of being
unsightly and dangerous to traffic, and also, because it is the
policy of most companies to have as few poles standing as
possible.

Removing Poles.—Poles to be removed are dug up when
they are to be recoverd or when conditions are such that a
stub left in the ground would be unsightly or objectionable to
property owners. In other cases the poles are removed by
chopping so that the top of the stub is on a level with the
surface of the street or roadway. The method for removing
poles which are to be dug up is the reverse of the method de-
scribed for erecting poles. Poles to be removed by chopping
must be guyed with ropes, when possible, so that they may
be lowered gradually.

Removing Cross-Arms.—The method for removing cross-
arms is the reverse of the method described for erecting cross-'
arms. :

Removing Wire.—All wires to be removed are first untied
from the insulation on each cross-arm, and then test connec-
tors are removed. The wire must be removed by winding on
a take-up reel or other suitable appliance, not more than one
wire being removed at a time. When copper wire is to be re-
covered, special care must be taken in removing to prevent
kinks, bends, nicks, etc., in the wire.
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Removing Messenger.—The method for removing mes-
senger is the reverse of the method described for erecting
messenger.

Removing Aerial Cable.—In removing aerial cable, the
cable must be cut at each splice and securely sealed, unless
the cable is to be junked. The lead wire must be attached in
the same manner as in erection and the cable must be pulled

. toward the reel. In transferring the hooks past the poles all
hooks shall be placed back upon the messenger except on the
lead wire where every fourth or fifth hook is sufficient.

Removing Underground Cable.—All underground cable to
be removed must be cut at each splice and have the ends of
the sections sealed, before they are removed from the
duct, unless the cable is to be junked. The apparatus
is placed at the vault from which the cable is to be pulled.
In place of the steel rope used in pulling in, a manila
rope is used on account of its greater flexibility. The vault
skids and sheaves are placed in the same manner as for
pulling in cable, and the manila rope passed over them in the
usual manner. To the end of the rope is attached a servage
strap made of manilla strand about 1 in. in diameter. This
strap is placed on the cable in the form of a noose which
.grips the cable when pulled one way, but may be pushed
along the cable in the reverse direction. The strap is then
slipped around the end of the cable as close to the duct as
possible, and power applied to the pulling line. After the
cable has been moved a foot or two, the rope is slackened off
-and the noose is again pushed forward against the duct. This
process is known as “luffing.” The “luffing” is continued until
the cable is removed from the duct. As the cable is pulled
out, if it is to be recovered, it is reeled upon a reel placed
back of the manhole, so as to avoid unnecessary sharp turns.
If it is to be junked the cable is usually cut with an axe into
5 or 6 ft. lengths as it is being pulled out. ’

RECONSTRUCTION.

Under reconstruction, only moving poles, replacing cross-
arms, and rewiring cable poles will be treated, as, with the
exception of these operations, reconstruction work generally
consists of removing old equipment and then installing new.
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The data may easily be separated, and when estimating the
cost of erecting and the cost of removing material, they may
be more readily figured when the data on the new work and
old .work are separated. .

Moving poles is naturally a division of reconstruction, as
the poles are not hauled to or from the work as in remov-
ing or setting poles, or gained and roofed as in new work. In
replacing cross-arms and rewiring cable poles the work of re-
moving the old material and installing the new cannot be
divided on -account of there being no definite separation be-
tween the two parts of the work. It requires only one climb-
ing of a pole to remove an old cross-arm and to replace it
with a new one, or to remove old bridle wires and to replace
them with new wires. Then again, when replacing cross-arms
the work of removing is not always completed until after the
new cross-arm has been secured to the pole. It is therefore
obvious that it is not possible to compute separately the time
spent in removing the old equipment and installing the new.

The methods of moving poles, replacing cross-arms and re-
wiring cable poles have already been described both in erect-
ing and removing material, and the methods in general being a
combination of both, require no further description.

Method of Recording Costs.—The forms used for reporting-
the labor costs of removing material and of reconstruction are
shown in Forms 31 to 39. These forms are divided in the
same style as the forms used for reporting line construction
and cable work costs. On account of the difference in the
cost of removing wire and cable when they are junked and
when they are recovered, caused by the extra skill and care
required in handling material to be recovered, the words
“junked and recovered,” one of which is to be crossed out,
are printed on the forms.

Method of Figuring the Cost of Removing Material and of
Reconstruction.—The method of figuring the cost of remov-
ing material and reconstruction is the same as described for
line construction and cable work. Labor expended in hauling
removed material from the job to the store yard is included
in teaming.
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Construction Cost Data.—The rates of wages on which the
costs given in Tables LXIII to LXXX are based are the same
as for line construction costs. No separation is made of the
data on removing poles in the various kind of soil because the
quantity of soil excavated is so small that there is very little
difference in the cost of removing poles of the same size
whether set in one kind of soil or another. The average cost
of some divisions is not included in the following costs-as
sufficient data on which averages could be based were not
available.

Form 31.
Data Secured by...................itn
REMOVING STREET AND ALLEY LINE PoLES.
gg Order No.........
40 Location.................... Date................ 190
45’ and Higher Foreman.........oovvveeeunnennnns
Teaming | Chopping [ g, No.of |
No. of per.
Poles Laﬂé‘i' in | e ne gnd Tl | Woisy | Remarks
Hauling | Removing P- :
| -

Note:—The f;)rms for recordx toll line and fa.rm line poles are the same as this
except that the *‘size of poles’ is.different.

Form 32.
Data Secured by................cooiiillL

REMOVING Cross-ARMS.

. Order No.........
8 Pim Location.................... Date................ 190
10 Pm (Alley) Foreman..............coovivvnnnnn
No. of » Teaming Su No. of
No. of and : per. Total Hours
g:?]:' Poles | Labor in | Removing Ignd Cost Worked | Remarks
Hauling Xp- .
I l I | [ l
Form 33.

Data Secured by.................0counun o

REMOVING WIRE.
Ngolz Galé'o Steel
104 Bﬁ Oogpe: Location................... Date.......... Teeses 190
Junked or Recovered Foreman...................ccooonn.

No. Miles - No. of
No. of Super.
of Contacts | Teaming | Removing | and Total | Hours | poparye

Wire Cost | Worked
Removed Removed ] Exp. |

— | |
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Order No.........
Nosd Galv. Steel 1 cation...coeeevennennnn.n. Date......ooveern. 190
Strand _Foreman..........................
Teaming Super. No. of
No. of Feet and Removing and Total Hours Remarks
Removed | Labor in Exp. Cost Worked
Hauling
I | |

Note:—No separation is made in the data between messenger “‘junked or recovered”
as the method for removal is the same in either case.

Form 35.
DataSecured by.........ooivviieniennann..
ReMovINe AERIAL CABLE.
Order No.........
Size of Cable. .Pr.. .Gauge Location............. Date................ 190
Junked or Recovered Foreman.......................
No. of Peet Teangng Super. Total No. of
lgémoved Lag:r in | Removing and Cont Hours Remarks
Hauling Exp. Work
l I
Form 36.
Data Secured by...........................
ReMovING U. G. CaBLE.
Order No.........
S:,’:k‘:fi%‘;bl‘{mﬁ,j BUE€  Location............. Date................ 190
ut up or put on reel Foreman.......................
No. of Feet Teau:iing Super. Total No. of
l‘l);::ov::l La;nor in Removing and C%st Hours Remarks
Hauling Exp. Work
| I I I
Form 37. )
Data Secured by....... et
MovinGg PoLEs.
Size of Poles.. ... Order No.........
%mtffnslley Line Location.................... Date................ 190
Toll Line Foreman..........................
Teaming Diggi . .
gging Moving | Super. Kind | No. of
No.of| La2nd d " | and | T2l “of | Hours | Remarks
Hauling Locating | Resetting Exp Soil | Worked
| | I |

ore:—*'Digging’’ includes the excavating n to remove and reset poles, and
it alno includes back-filling the

necessary
holes out of which the poles were removed.
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Form 38.
Data Secured by...........................
REePLACING CROSS-ARMS.

6 Pin
10 Pin :
10 Pin (Alley)
Teaming : No. of
1\&-6::- No. of|  and Rex:ggmg S‘;gfir’ Total Hours | poroa o
Arms Poles L}?g&r‘ n,gn Erecting Exp. Cost Worked
Form 39.
Data Secured by...........ooviiivinnan,
REWIRING CABLE PoLEs. .
Order No.........
Location.................... Date................ 190
Foreman.........oooviiunnnnnnn.
No. of Prs. | No. of Prs. ’ Removing S N
Bridle | Bridle . |& Running | SUPeT| Total| No. of
h h Teaming ; and Hours Remarks
Wires Wires Bridle Cost .
cut in cut out W.res | EXP Worked
' ' I ! |

TasLe LXIIT.—CosT oF REMOVING STREET AND ALLEY LINE PoLEs.

N Teaming and Digging Supervision Average
Labor in and and Cost

Hauling. Removing. Expense. per Pole.

-$0.22 $0.58 $0.17 $0.97

0.26 0.76 0.19 1.21

0.37 0.96 0.31 1.64

0.48 1.32 0.40 o220

TasrLe LXIV.—Cost oF REMovING FARM LINE POLES.

20 Ftooooiiiiiiineannnnnns $0.08 $0.18 $0.06 $0.32
25 Ftooooieiiiiiiininnnnnn, 0.16 0.32 0.12 0.60
30 Ftooovvnriiiieiinnnann, 0.24 0.54 0.16 0.94

TaBLe LXV:—Cost oF ReEmoviNg ToLL LiNe Porks.

$0.26 $0.59 $C.15 $1.00
0.31 0.72 0.25 1.28
0.40 0.89 0.32 1.61

TasLe LXVI.—Cost oF REMOVING STREET AND ALLEY LINE PoLES.
Teaming and Chopping  Supervision Average
Labor { and and C

or in ost

Hauling. Removing. Expense. per Pole.

30 Ftoooviiiiiiiiiiiiinen $0.13 $0.31 $0.11 $0.55
3B Ft..ooiiiiiiiiiiiiianns 0.17 0.41 0.13 0.71
40 Ft...oovviiiveinnnnnnnns 0.24 0.53 0.17 0.94

TABLE LXVII.—Cbsr oF REMovING FArRM LINE PoOLES.

I $0.03 $0.09 $0.02 $0.14
25 Ftoooveeeeniiinnnnaannns 0.07 0.16 0.06 0.29
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TasLe LXVIII.—Cost oF REMovING ToLL LiNE PoLEs.
Teaming 1xa.nvl Chopping Supervision Average

bor in nd and Cost

Hauling. Removlng Expense. per Pole.

80 15 $0.28 80 09 $0.52

0.44 0.78

0 27 0.58 . 0 20 1.06

TaABLE LXIX.—Cost oF REMOVING CRross-ARMS.

Teaming and Supervislon Average

Labor in and Cost per

Hauling. Removing. Expense. Cross-Arm.

8-PIn .....oc000v0ienennn $0.015 $0.020 $0.011 $0.046

10-PIn ...ciiivienncnnnnns 0.025 0.041 0.013 0.079

10-Pin Alley......cc..u... 0.033 0.061 . 0.018 0.112

TaBLe LXX.—Cost oF REMOVING WIRE. ]

Teaming and Supervision Av. Cost

Junked— Labor in and . .per Mile

Hauling. Removing. Expense. of Wire.

No. 12 Galv. Steel........ 30 22 $0.72 80 16 ' $1.10

.080 Bare Copper....... e 1.07 1.57

.104 Bare Copper........ . 0 26 1.17 0 26 1.69

Recovered—

No. 12 Galy. Steel......... $0.27 $1.16 $0.20 81 63

.080 Bare Copper.......... 0.39 1.85 0.32 56

.104 Bare Copper.......... 0.44 1.92 - 0.34 2 73

TasLe LXXI—Cost or REMOVING MESSENGER.

Teaming and Supervision Average

Labor in and . Cost

Hauling. Removing. Expense. per Foot.

‘No. 4 Ge.lv Steel 5 $0.0021 $0.0002 $0.002¢

-in. Strand ..... . 0.0006 - 0.0029 0.0002 0.0037
é-ln. Strand .......00000.. X 0.0032 0.0003 0.0042 .

TaBLE LXXII.—CosT oF REMOVING AERIAL CABLE (JUNKED).

Teaming and Supervision Average

bor in and Cost

Hauling. Removing. Expense. per Foot.

16 Pr—22 Ga....ocovuvnnnn. $0.0026 $0.0072 $0.0018 $0.0116

25 Pr.—22 Ga..ooovvueennns 0.0029 0.0069 ©0.0022 0.0120

50 Pr.—22 Ga...oovovvevnnns 0.0025 0.0072 0.0024 - #0.0121

50 Pr.—19 Ga........ eeeee. 0.0030 0.0076 0.0027 0.0133

100 Pr.—22 Ga.....coovvenenn 0.0032 0.0079 0.0027 0.0138

100 Pr.—19 Ga.........cuvnn 0.0034 0.0083 0.0030 0.0147

Note—Removing aerial cable does not include cost of removing strand.

TasLe LXXIII.—Cost oF REMOVING AERIAL CABLE (RECOVERED).

Teaming and Supervision Average

Labor in and Cost

) Hauling. Removing. Expense. per Foot.

16 Pr—22 Ga.......oovvue $0.0028 $0.0084 $0.0024 $0.0136
256 Pr.—22 Ga........cocvnn 0.0031 0.0080 ) 0.0026 0.0137
50 Pr.—22 Ga......coovvnn. 0.0029 0.0086 0.0027 0.0142
50 Pr.—19 Ga.......oovvnne 0.0033 0.0089 0.0032 0.0154
100 Pr.—22 Ga....ooovvvnnnn 0.0032 0.0085 0.0030 0.0147
100 Pr.—19 Ga... veee. 0.0038 0.0091 0.0035 0.0164

TapLe LXXIV.—Cost oF REMOVING UNDERGROUND CABLE (JUNKED).

Teaming and Supervislon Average

Labor in nd Cost

' Hauling. Removing. Expense per Foot.

50 Pr.—22 Ga...voovvuennn. $0.0038 $0.0072 $0.0019 $0.0129
8 . .. 0.0043 0.0079 0.0021 0.0143 -

0.0075 0.0017 0.0133

0.0083 0.0024 0.0161

0.0086 0.0019 0.0161

0.0094 0.0026 0.0181

0.0108 . 0.0029 0.0210
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TaBLe LXXV.—Cost oF REMOVING UNDERGROUND CABLE (RECOVERED).

Teaming and Supervision Average

Labor in and Cost

Hauling. Removing. Expense. per Foot.

25 Pr.—22 $0.0034 $0.0073 $0.0018 $0.0125
50 Pr.—22 0.0041 0.0079 0.0017 0.0137
60 Pr.—19 0.0044 0.0084 0.0022 0.0150
100 Pr.—22 .. 0.0050 0.0086 0.0023 0.0159
100 Pr.—19 . 0.0053 0.0093 0.0026 0.0172
200 Pr.—22 0.0068 0.0089 0.0022 0.0169
200 Pr.—19 .. 0.0064 0.0099 0.0028 0.0191
300 Pr.—22 . 0.0077 0.0115 0.0033 0.0225

TaBLE LXXVI.—Cost oF MovING STREET AND ALLEY POLES,

30-FT. POLES.
P Teaming and Digging Moving Supervislon Average
Labor in and and and Cost
Hauling. Locating. Resetting. I2xpense. per Pole.
Sand or Gravel $0.42 $0.99 $0.43 $0.48 $2.32
Black Soil ..... .. 0.57 0.96 0.42 0.54 2.49
Sand and Water 0.82 1 0.54 0.52 2.99
lay .i....io..n 0.80 0.96 0.59 61 2.96
Clay and Water 0.86 1.23 0.51 .50 3.10
Hard Clay .......ccovvvvennnn 0.92 1.64 0.57 0.65 3.78
Coarse Gravel ............... 0.96 1.95 0.87 0.60 4.38
Quicksand and Water........ 1.02 2.16 0.67 0.75 4.60
Average Cost in all Sofls....... 0.80 - 1.38 0.57 0.58 3.33
Sand or Gravel............... 0.59 0.54 2.69
Black Sofl ..............0..0. 0.51 0.53 2.73
Sand and Water.............. 0.62 0.59 3.29
......................... X . ' 0.70 0.68 3.31
Clay and Water.............. . .32, 0.67 . 0.64 3.54
Hard Clay .......coivvvnnnnn . . 0.74 0.70 4.13
Coarse Gravel ........ . 0.89 0.73 4.69
Quicksand and Water. . 0.79 0.79 5.08
Average in all Sofls.......... 0.69 0.64 3.68
Sand or Gravel............... 0.87 .63 3.49
........... 0.98 0.70 3.98
Clay and Water . 1.03 0.69 417
Hard Clay .........ccoo0eeenn 1.17 0.77 4.62
Qulcksand and W 1. . 1.99 0.89 6.28
Average Cost in all Soils 0.94 1.62 1.21 0.74 4.561

45-FT. POLES
Sand or Gravel............... 0.78 1.87 1.09 0.76 4.50
ClAY .evvvvrionnninnennnneeens 0.93 2.01 111 0.84 4.89

TasLe LXXVII.—Cost oF MoviNg FARM LINE PoLEs.

20-FT. POLES
Sand or Gravel............... $0.18 $0.49 $0.29 $0.17 $1.13
Black Soil ................... 0.16 0.46 0.27 0.19 1.08
Sand and Water.............. 0.20 - 0.58 0.31 0.14 1.23
ClaY .iivreiiiiniiiiiiiinnens 0.17 0.60 0.38 0.21 . 136
Clay and Water.............. 0.24 0.67 0.34 0.16 1.41
Hard Clay ........ooovvvennen 0.27 0.76 0.41 0.24 1.68
Coarse Gravel ............... 0.25 0.87 - 0.47 0.26 1.85
- Average Cost in all Soils..... 0.21 0.63 0.35 0.20 1.39

25-FT. POLES
Sand or Gravel.............. 0.24 10.67 0.34 0.21 1.46
Black Sofl ................... 0.21 0.64 0.36 0.19 1.40
Sand and Water. cereeeees 027 0.76 0.40 0.26 1.69
Clay ........... 0.19 0.85 0.45 C.27 1.76
Clay and Water 0.22 0.93 0.42 0.26 1.82
Hard Clay .. 0.31 1.17 0.44 0.31 2.23
Coarse gravel 0.31 1.24 0.51 0.37 2.43
Quicksand and Water. 0.34 1.51 0.53 .0.43 2.81
Average Cost in all Soils 0.26 0.97 0.43 0.29 1.95
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TapLe LXXVIIL.—Cost oF MoviNG ToLL LINE PoLEs.

30-FT. POLES.
Teaming and Digging Moving Supervision Average
Labor in and and and Cost
Hauling. Locating. Resettlng Expense. per Pole.
Sand or Gravel....... ceesee. $0.39 $0.96 $0.45 $0.42 $2.22
Black Sofl .........cc00000nn . 0.48 .0.98 0.47 0.44 .37
Sand and Water.............. 0.66 1.07 0.51 0. 46 .70
........................ . 072 0.98 0.54 0.5 .77
Clay and Water.. .. 0.81 1.17 0.60 0.58 .16
Hard Clay ........ . 0.84 1.56 0.568 0.54 .52
Coarse Gravel .. 0.89 1.83 0.74 0.62 4.08
Quicksand and Wat .. 0.98 2.07 0.68 0.67 4.40
Average Cost in a.l‘ Soils vees 077 1.33 0.57 0.53 3.15
35-FT. POLES,
Sand or Gravel............... 0.46 1.08 0.52 0.49 .o
Sand and Water.............. 0.43 1.19 0.59 0.52 .78
ClAY .vivveviennncrnnsnannans 0.57 1.23 0.57 0.61 .98
Clay and Water.............. 0.66 1.27 0.68 0.54 3.16
Hard Clay ........cocvnvueens 0.74 1.58 0:84 0.61 3.67
Quicksand and Water........ 0.98 2.47 0.83 0.70 4.98
Average Cost in all Soils..... 0.64 1.47 0.64 0.58 3.33
Sand or Gravel 0.81 3.5
15 ZN 0.95 0.72 3.75
Hard Clay .i.ovvinnnnn. 1.09 9 4.33
Average Cost in all Soils 0.95 3.8

TasLe LXXIX.—Cost oF REPLACING Cross-ARrRMS.
Teaming and Removing Supervision Average

Labor in and and Cost per
Hauling. Erecting. Expense. Cross-Arm.
6- Pln ..... e reererseenaenan $0.06 $0.29 $0.04 $0.39
10-Pin .. ..oiiiiiiinnnnnn., 0.08 0.36 0.06 0.50
10- Pin Alley....ccoovvivnnnnn 0.09 0.42 0.07 0.68

TaBLE LXXX.—Cost oF REWIRING CABLE PoLEs.

Removing Supervision Average
and Running and Cost
Teaming. Bridle Wires. Expense. per Pair.

.035 .190 .026 .250

— e =y



CHAPTER V.

METHODS AND COST OF CONSTRUCTING UNDER-
GROUND CONDUIT.

The value of cost data on conduit construction is so obvious
to everyone owning, building or using conduit that no ex-
tended proof of the matter seems necessary. Some discussion
of cost keeping methods and of the advantages and disad-
vantages of various cost keeping procedures is desirable
however.

‘Hints on Cost Keeping Methods.—In devising a system for
obtaining costs of conduit construction special care should be
taken to avoid numerous, arbitrary, or indefinite divisions.
While it is desirable to have each division of construction sub-
divided as much as possible, so that the costs may be
analyzed and may be useful in figuring on new methods and
inventions which apply to only part of the work, still any
attempt to make complicated and arbitrary divisions increases
the liability of error, and if the subdivisions are too numerous,
cost men will find it almost impossible to secure accurate data.
With the large gangs, which are used in constructing conduit,
any system requiring the taking of costs every few minutes
must result in failure, as cost men will find their task almost
impossible of accomplishment and they will soon become dis-
gusted—no matter how conscientious they may be. In the
winter season it becomes almost'a physical impossibility for
a man securing data on out-door work to take time and to
write every two or three minutes.

Many companies have what is known as a work report cost
systemi. In this system the foreman reports at the end of
each day the work accomplished and the time spent on each
part of the work. The worthlessness of this system will be
readily perceived if we consider that data cannot be correctly
reported without notes being taken during the day, and that
it is improbable that any foreman will be able to take correct
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notes on costs and to properly supervise the work. The task
may be accomplished in some ideal case, as when only one
division of construction is worked on during the day—which
rarely happens.

There are also costs obtained by timing for a few minutes
the excavating or the laying of tile or the mixing of concrete,
etc., and drawing conclusions from these data. Such a system
is so obviously inaccurate that it is hard to conceive how any-
one would dare to use the costs, yet many contractors and
telephone companies base their estimates on data secured in
this manner. The cost of mixing concrete for example, if
mixed by hand, must include the cost of moving the mixing
boards and other apparatus, and if mixed by machine, must
include the cost of moving the mixer, etc. Besides, if water
is carted to the work, this cost must also be included. There
is in any kind of construction, time expended in preparing for
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Fig. 34¢.—McRoy Tile, 2-Duct Conduit, Class “A’ Construction.

work, which is as much a part of the cost as any of the time
spent in actual work, and this time cannot be secured by keep-
ing account of the work for a few minutes or even a few
hours. C

In view of the essential nature of conduit construction costs
and of their recognized value, it is surprising that so few
attempts have been made to obtain costs based on a system
which is feasible. Usually data on a conduit job are obtained
in such a manner that they are of little use in estimating the
cost of other jobs where the multiple of duct, the soil-or the
other conditions differ. Where several sections of a conduit
composed of different multiples are built, no separation of the
various ‘sections is made in gathering the data, or where a
separation is made of each different run of duct, no separation
is made of the sections built in clay, hard clay, sand, etc.
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Then again the data to be feasible should also have the cost
of each section separated when the pavement or location
varies.

Location is a matter of special importance in estimating. It
appears from a cursory investigation much cheaper to build
in a wide roadway than in a narrow alley, as in the case of
the former, the material may be more advantageously placed,
causing a minimum expense for rehandling. Also the exca-
vated earth may be.placed so as to cause the least interference
in laying tile, placing concrete, etc.,, and so as to be most
convenient for the teams used in carting away the surplus.
When, however, it is considered that in most cases a trench
in an alley may be resurfaced in almost any style, while a
street, even if unpaved, must generally be left in a condition as
good as or better than the original, we see that the cost of

Fg. 35.—McRoy Tile, 8-Duct Conduit, Fig. 36. —McRay Tile, 3-Duct Condulit,
Class “A” Construction. Class “A’ Construction.

building in an alley—other things being equal—may be the
cheaper, as it often is. The relative position of the conduit
and street curb will also cause variation in cost. It is cheaper
to build next to the curb on asphalted streets than 2 or 3 ft.
away an account of the liability of injury to the asphalt be-
tween the trench and the curb by the caving in of the side of
the trench. Dangerous conditions for working, and rehand-
ling of material incident to its being inconveniently placed
will increase the cost of building a conduit in a street used by
a trolley, especially if the street is narrow. Building a con-
duit in a street where the grade has not been established is
often more expensive than building in paved- streets as it is
sometimes necessary to excavate the trench 2 or 3 ft. deeper
than usual in order to provide for future changes in the street
level.
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The question of what material shall be used in constructing
a conduit or the question of the expediency of adopting a new
device or new method requires a knowledge of the durability,
the tensile strength, the cost of material, and also the cost of
installation. Without this last item of information experi-
ments entailing a great loss of money cannot be avoided.
Almost every company owning conduits has built sections
using material which proved so espensive to install as to in-
crease the cost of conduit, although the reason for adopting
this material was to reduce the cost of construction. For
example, a method of installing vitrified clay tile known as
class “B” construction, which is explained in another part of
this chapter, has been and still is a standard method of con-
struction. As this method falls far below what is known as
class “A” construction in durability, in protection from injury
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Fig. 37.—McRoy Tile, 4-Duct Conduit, Fig. 38. —MdRo Tile, 5-Duct Conduit,
Class “A” Construction. Cla A" Construction.

by foreign excavations and in stability of alignment, the only
apparent object in building class “B” conduits would be their
cheapness. Without the assistance.of cost data one may
readily conceive how class “B” construction might be con-
sidered much cheaper than class “A,” but if data on the cost
of constructing both classes are available, it is hard to con-
ceive how any company for the small increase in the cost of
installing class “A” would be so short-sighted as to install
class “B.” It is clear that a lack of proper cost data has been
responsible for the standardizing of the class “B” method of
construction, as this is the only explanation which accounts
for the mistake of its adoption.

Organization of Working Force.—Conduit work is done by
unskilled day labor. The organization of a gang is composed
of a foreman, one or more assistant foremen depending on the
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size of the gang, a timekeeper, watchman, waterboys and
laborers. Usually the gang if large is subdivided in the same
order as the work, with an assistant foreman in charge of
each division. This system has many advantages. The con-
crete mixers soon learn the proper proportions of material to
use and the required consistency of the concrete, and also in
the other divisions of the work each man soon becomes pro-
ficient in his task; it increases economy in the handling of
labor, avoiding the loss of time incident to continual shifting
of men; it aids assistant foremen in soon becoming acquainted
with their men, whereby they are able to eliminate men who
will not do their work; it puts the foreman in a position to be
able to hold his assistants responsible for the work accom-
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Fig. 89.—McRoy Tile, 6-Duct Condulit, Fiz. 40. —-McRoy Tile, 7-Duct Conduit,
Class “A’ Construction. Class “A’” Construction.

plished, and it facilitates the work in general, reduces the cost
and improves the construction.

Generally two or three men having had experience or show-
ing adaptability are selected for the work of laying tile, which
is the most important part of conduit construction. These
men are very often paid a trifle more than the balance of the
laborers in order to induce conscientious work.

A foreman of conduit construction, while requiring less
skill and technical knowledge than a foreman of either line or
cable construction, has more opportunity to exhibit his pro-
ficiency and ability as a foreman. By capable handling of men
and good judgment in laying out work, a good foreman may
complete work 20 per cent. cheaper than a man having equal
technical knowledge of construction but lacking ability as a
foreman. A cost man on a job has a tendency to increase the
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volume of work accomplished. Rivalry is established between
the several foremen which spurs them to do their best. It
may be asserted as a general rule that a cost man on a job,
irrespective of the value of the data secured, is rather a
saving than an expense.

CONSTRUCTION DETAILS.

In the construction of the conduit on which the following
data are based the tile used for main conduit was either
McRoy vitrified clay tile or creosoted pump log. The latter

Fig. 41.—McRoy Tile, 7-Duct Conduit, Fig. 42.—McRoy Tile, 8-Duct Conduit,
Class ‘“A” Construction. Class “A’ Construction.

was installed in comparatively few instances. Its use was
generally confined to straight lateral built in separate trench
to a building or in the yards and plant of a large works, and
where used the soil was very wet, or subsequent excavations
were expected, or the conduit was subject to constant shocks.
Some or all of these conditions were generally encountered
when installing conduit in the yards, under buildings or on the
site of prospective buildings in large plants where -heavy
machinery is used, such as in a steel plant.

The McRoy tile used was 1, 2, 3, 4 or 6-duct. Formerly
tile of larger cross section was used but their use has been
abolished by most companies on account of their weight,
which is approximately 814 lbs. per duct foot, increasing the
cost of laying and handling tile, and also on account of the
large percentage of breakage incident to the handling of
fragile material of great weight.
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One-duct McRoy tile was used only where conditions re-
quired a conduit cross section to be built up of a 2-duct and a
1-duct instead of a 3-duct, or of a 6-duct and a 1-duct instead
of a 4-duct and a 3-duct or a 5-duct and a 2-duct. In no case
was McRoy tile installed where the conduit cross section was
. one duct. Where main conduit is built one duct is rarely
installed, as the prospects are that where a main' conduit is
required, eventually a greater multiple may be used, and the
cost of installing 2-duct is so little more than that of installing
1-duct that it is poor policy to install the latter. The excava-
tion, teaming, laying tile, filling in and repaving cost the same
for 1-duct as 2-duct. The only difference in the cost of in-
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Fig. 43.—McRoy Tile, 8-Duct Conduit, Fig. 44.—McRoy Tile, 8-Duct Conduit,
Class ‘A’ Construction. Class ‘“A” Construction.

stalling a 1-duct tile and a 2-duct tile being in the cost of the
tile (.04 + 2% per duct foot) and a small amount for concrete
material and mixing concrete.

Except where 1-duct tile was required in building up a
cross section of a specified multiple, the 1-duct conduits built
were laterals constructed exclusively of 3-in. sewer tile or
creosoted pump log. The latter was rarely used. For the
benefit of those not familiar with this class of conduit a brief
description of laterals may be pertinent.

Lateral conduit, sometimes called subsidiary conduit, is so
named from the direction in which it runs to the main conduit.
Laterals are built in order to carry subsidiary cable under-
ground to a building or a pole. A lateral always ends in a
vault of the main conduit where the cable it carries is spliced
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into the main cable. Where the vault is built at street inter-
sections the lateral is installed in a separate trench if it runs
to a pole situated on a street running in an opposite direction
to the street on which the main conduit is built, or if the pole
is situated at the intersection of a cross street and an alley
running parallel to the street on which the main conduit is in-
stalled. If the lateral is to be built to a pole or building along
the line of the main conduit it is included in the main trench
to a point in front of the ‘pole or building and then takes a
separate trench. Where a pole is situated in an alley running
parallel to the street on which the main conduit is built, and it
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Fig. 45.—McRoy Tile, 9-Duct Conduit, Fig. 46.—McRoy Tile, 10-Duct Con-
Class “A” Construction.. duit, Class ‘A’ Construction.
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is set midway between two streets, as is the case where only
one pole is used for block distribution, a lateral built to this
pole is generally included in the main trench to a point oppo-
site the pole and then run in a separate trench along the lot
line, if possible, to the alley.

Sewer tile is used in lateral construction because it serves
the purpose better than either McRoy tile or pump log and
because it is cheapest to install. Whereas the McRoy tile re-
quires a foundation in order to keep its alignment—dowel pins
not entirely serving this purpose—and both pump log and
McRoy tile require a trench that has a level bottom and is
wide enough to permit foot room; sewer tile requires no con-
crete foundation, as the bell joints when cemented hold the
alignment sufficiently well for lateral construction, it may be
laid in a trench that is excavated in a V-shape, thereby saving
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time in excavating. The bottom of the trench may be very
uneven as the bell ends of sewer tile bridge the parts between
joints, and the only requirements in laying are that the end
of one tile shall fit into the bell end of another. This may
readily be done by scraping away any excess earth with a
stick of wood. On account of the usual small diameter of
lateral cable the lateral conduit may be installed without spe-
cial regard to alignment, except when the lateral is very long;
whereas if McRoy tile is laid without care being used in align-
ment the armor of the cable would probably be cut or caught
on tke ends of the ducts when pulling in the cable.
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Fig. 47.—McRoy Tile, 11-Duct Con- Fig. 48.—McRoy Tile, 12-Duct Con-
duit, Class “A’” Construction. duit, Class ‘“A’ Construction,

As it is required that lateral shall have a curve of go° at the
point where it leaves the main conduit trench and also at the
pole where the tile lateral ends, and as 9o° sewer tile bends
are made whereas McRoy tile and pump log are only made in
straight length they do not fill all the requirements of lateral
construction.

The difference between the cost of McRoy tile and sewer
tile is small—generally depending on the freight to point of
installation. Where small quantities are required sewer tile
is usually cheaper. Pump log is more expensive than either
McRoy tile or sewer tile.

In the construction of main conduit the superiority of
McRoy tile as against sewer tile is generally conceded. It
forms a more flexible conduit, being readily increased in mul-
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tiple; when laid in concrete—as is advisable in building con-
duit having a large cross section—it requires less concrete
than sewer tile; it forms a smoother duct for the, passage
of large cable; it is not readily thrown out of alignment in
the work of laying tile or by foreign excavations on account
of its weight and flat surfaces, and it makes, in general, more
permanent construction, and it is cheaper to mstall unless the
multiple is small.

The formation of a conduit cross section is an important
matter, as it makes considerable difference in cost whether
an 8duct run is composed of two 4-duct or a 6-duct and a
2-duct and whether the ducts are laid side by side or one on
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Fig. 49.—McRoy Tile, 13-Duct Con- Fig. 50.—McRoy Tile, 14-Duct Con-
duit, Class ‘‘A” Construction. duit, Class “A” Construction.

top of the other. The 4 and 6-ducts are made in 3-ft. lengths,
the 2 and 3-ducts in 2-ft. lengths. The 4 and 2-ducts require
one dowel pin and the 6-duct two dowel pins.

In comparing the cost of 8-duct conduits where one is com-
posed of a 6-duct and a 2-duct and the other is composed of
two 4-ducts, it will be seen that on account of the length of a
2-duct more burlap will be required in closing the joints of a
6 and 2 formation and more dowel pins are also required on
account of the use of a 6-duct. On account of its weight
(about 151 Ibs.) the percentage of breakage in handling 6-duct
is larger than that of 4-duct, and it requires three men in
laying 6-duct (one man being used to pass the tile down to the
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two men laying) where two men are all that is necessary for
4-duct on account of its lighter weight (about 14 less).

A 4-duct may be laid on any one of its four sides, while
either a 6-duct or a 2-duct must be laid on one of their two
narrow sides or two wide sides, depending upon the specified
formation of the conduit.

As frequently tile is not level on all sides, it will be seen
that the chances are a level side may be found when laying a
4-duct, where in the case of either a 6-duct or a 2-duct a level
side may not be found. This makes a difference in the cost of
laying tile, because it is sometimes necessary to throw out a
6-duct or a 2-duct, or scrape off the concrete foundation in
order to allow for the hump in tile.
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Fig. 61.—McRoy Tile, 15-Duct Con- Fig. 52.—McRoy Tile, 16-Duct Con-
duit, Class ‘A’ Construction. duit, Class “A’ Construction.

Comparing the methods of laying tile, it will be found that
a 6-duct laid “flat” (on one of its wide sides) with a 2-duct on
top, as shown in Fig. 43, requires the excavation of more cubic
yards of earth and the use of more concrete than two 4-ducts
laid side by side or one on top of the other as shown in Fig.
42; or a 6-duct laid on “edge” (on one of its narrow sides)
with a 2-duct on top, laid “flat” as shown in Fig. 44; or a 6-
duct laid “flat” with a 2-duct laid on “edge” against it. The
6-duct and 2-duct being evidently designed for laying “flat,”
when laid on “edge’” are readily thrown out of alignment dur-
ing the progress of construction, especially when placing the
concrete around them,
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Taking all these points into consideration it is clear that
two 4-ducts are laid with greater facility, form a more stable
construction and cost less for material and labor than a 6-duct
and a 2-duct formation, and in deciding whether to lay two’
4-ducts side by side or one on top of the other, the preference
should be given to the former, because work is easier in a wide
trench; and, as a rule, it is cheaper to dig wide than deep even
if the street is paved—repairing contractors charge for a yard
although the trench may be 15 ins. wide.

Materials.—The materials used in constructing the conduits
on which the costs given are based are as follows:
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Fig. 53.—McRoy Tile, 18-Duct Con- Fig. 54.—McRoy Tile, 20-Duct Con-
duit, Class ‘“A’”’ Construction. duit, Class ““A’” Construction.

(1) McRoy tile, used in building main conduits. It is
made of vitrified clay, in 1, 2, 3 and 6-duct sizes. The 1, 2 and
3-duct are 2 ft. long and the 4 and 6-duct 3 ft. long.

(2) Sewer tile, used in building underground laterals.
The inside diameter is 3 ins., the shell 15 in., and the length
2 ft. (See Fig. 79.)

(3) Creosoted pump log, used in building conduit where
the soil is very wet and frequent excavations liable. It is
made of yellow or Norway pine, creosoted. The section is
4Y5 ins. square, with a 3-in. bore. Each log is provided with
mortise and tenon. Its length is 2 ft. to 8 ft.

(4) American Portland cement, crushed limestone, washed
gravel and torpedo sand, used in making concrete.

(5) Standard sewer brick, used in building manholes.
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(6) Vault frame and cover, used as the name implies.

(7) Dowel pins, used to preserve alignment of McRoy
tile. ’

(8) Creosoted plank, used in class “B” conduit construc-
tion and in lateral construction to protect from injury in sub-
sequent excavations. The sizes are 1% ins. x 9 ins. and 1}4
ins. x 44 ins., various lengths.

(9) Burlap, used in covering joint of McRoy tile; strips
6 ins. wide.
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Fig. 55.—McRoy Tile, 22-Duct Con- Fig. 56.—McRoy Tile. 24-Duct Con-
duit, Class *“A” Construction. duit, Class “A’” Construction.
(10) St. Louis “Y,” used in connecting lateral to iron

lateral pipe at.the base of a pole when the lateral drains to-

ward the pole. Fig. 8o.

DIVISIONS OF UNDERGROUND CONDUIT CON-
STRUCTION.

McRoy Tile Conduit.—The trench for conduit shall be ex-
cavated to such a depth as will leave between the top of the
concrete or protecting plank over the conduit and the grade
of the street a distance of not less than 24 ins. Where con-
duit is laid in parkways a distance of not less than 18 ins.
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shall be maintained. Where obstructions are encountered and
it is desirable to construct the conduit above the obstructions,
the conduit may be so laid, provided that the top of the en-
closing concrete shall not be less than 12 ins. from the surface
of the street if such street is permanently paved on a concrete
foundation, and not less than 18 ins. from the grade of unim-
proved streets. In case the surface of an unimproved street
is below grade the conduit shall be so laid that the top of the
enclosing concrete shall be 4 ins. below.the surface of the
street. A sufficient quantity of dirt shall be placed over the
conduit to form a covering of not less than 18 ins.
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Fig. 57.—McRoy Tile, 2-Duct Conduit, Fig. 68.—McRoy Tile, 3-Duct Conduit,
Class *“B’” Construction. Class “B’” Construction.

The width of the trench shall be such as to permit con-
venient laying of the conduit and to allow between the duct
and the side of the trench. a distance of not less than 3 ins.
The desirable formations and size of trenches for McRoy tile
are shown in Figs. 34 to 61, inclusive.

Before installing conduit the trench shall be opened to its
full depth for a distance of 200 ft. in advance of the conduit
being laid. The sides of the trench shall be cut clean and be
vertical from the bottom to a point level with the concrete on
the top of the duct formation. From this point to the surface
of the ground the sides of the trench may slope, if the soil is of
such a nature as to make this method less expensive than
shorinig. Otherwise, where necessary, the sides of the trench
shall be shored to prevent caving.

Where it is necessary to include service pipes in the con-
crete protection of a conduit, such pipes shall be surrounded
by a split pipe of iron having a diameter of not less than




UNDERGROUND CONDUIT. 87
‘2% ins. This method shall be followed in order to avoid dam-
age to the surrounding concrete through removal or replace-
ment of the service pipes.

The bottom of the trench shall be well tamped and leveled.
The trench shall be graded as follows: The summit shall be
midway between the vaults and shall be of a depth as will
allow 24 ins. between the top of the protecting plank or con-
crete and the grade of the street. The slope toward each vault
shall be not less than 30 ins. from the grade of the street.
Where it is impracticable to grade both-ways from the sum-
mit, the grade may be continuous from one vault to the next.
If practicable, the summit for two consecutive lengths shall be
at the same vault and then at alternate vaults, so that the duct
in a vault will enter at the same level.

Fig. 59.—McRoy Tile, 4-Duct Conduit, Fig. 60 —McRoy Tile, 8-Duct Ccnduit,
Class “B’” Construction. Class “B” Construction.

Conduit should be laid in a straight line. Where it is nece:
sary to avoid obstructions or to conform to the changes in line
of the street or alley, conduit may be laid so as to vary from
a straight line, but under no circumstances shall the conduit
. be laid so as to form too sharp an angle or an S.

The method of installing class “A” construction, shown in
Figs. 34 to 56, inclusive, shall be as follows:

The trench shall first be prepared with a foundation of 3 ins.
of concrete, leveled and tamped. Upon this the tile shall be
laid. Insert the necessary dowel pins and place the next tile
in line, centering the tile by means of the dowel pins. Cover
the top and sides of each joint with a strip of burlap 6 ins.
wide to prevent the entrance of concrete into the duct.

The successive length of tile shall then be laid in similar
manner. When two or more sections are laid side by side all
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joints shall be staggered. In joining 2, 3 or 6-duct sections at
least one dowel pin shall be used, or if the duct is designed for
more than one, two shall be used. When the tile is laid it is
enclosed at the sides and top with a wall of concrete 3 ins.
thick and well tamped.

If the conduit has a large cross section it will be built up in
tiers. When the first tier is laid and lined up the sides of the
trench shall be filled in with well tamped concrete to a thick-
ness of 3 ins. and to a height flush with the top of the tile.
The upper tiers shall then be laid successively, one upon the
other, in a manner similar to the first tier. The complete sec-
tion shall be covered with 3 ins. of well-tamped concrete, after
which the trench shall be refilled. In dumping concrete into
the trench and in laying tile care should be taken not to knock

Fig. 61.—McRoy Tile, 8-Duct Conduit, Class ‘B’ Construction.

off earth into the trench. Any dirt falling onto the work
shall be carefully removed before proceeding with the con-
struction.

In refilling the trench the better part of the material exca-
vated shall be used. It must be well tamped into place and
the trench covered with a crown of 3 or 4 ins. If the street
is paved, all surplus must be gathered up and carried away,
and the displaced paving material shall be replaced tem-
porarily. After conduit runs are completed all ducts shall be
closed with wooden plugs (Figs. 64 and 65).

Concrete may be mixed by hand or by machine. If mixed
by hand it shall be done on a timber platform to prevent waste
of water and material, except where the following pavements
are encountered: (1) asphalt; (2) brick; (3) macadam; (4)
creosoted wood block. When mixing concrete on any of these
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pavements the street shall be swept clean for a place sufficient
to allow for mixing the concrete. The stone or gravel shall
first be placed in a layer about 4 ins. thick; sand or screenings
added and spread out evenly, and the cement added and
evenly distributed. The dry mixture shall be turned over by
shovels at least three times so that it is thoroughly mixed.
Sufficient water shall be used so that when placed in a wheel-
barrow the concrete shall be very moist and in a semi-fluid
condition. All concrete shall be free from dirt or any foreign
material. Concrete shall be used within 2 hours of the time it
is mixed.

Fig. 62.—Method of Laying Pump Log.

The proportions of materials to be used in mixing cencrete
for conduit construction shall be as follows: If crushed stone
concrete is used, I part of American Portland cement, 4 parts
14-in. screenings and 8 parts No. 3 (34-in.) stone. If gravel
concrete is used, 1 part American Pordand cement, 4 parts
sand and 8 parts gravel; 1 bag of cement shall be considered
I cu. ft.

The method of installing class “B” construction, shown by
Figs. 57 to 61, inclusive, shall be the same as described for
class “A,” except in the following -particulars:

The tile shall be laid on a 4-in. bed of concrete. Upon the
top of the tile there shall be placed 2 ins. of earth, which shall
be free from large stone. Upon this layer of earth a 134-in.
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creosoted plank shall be laid of the same width as the conduit
formation. The tile joints shall be closed by means of strips
of Larlap which shall be placed around the tile so as to cover
the top and sides. The burlap shall be saturated with a thin
neat cement mortar, and shall be plastered on the sides and
top with 4 in. of cement mortar mixed in the proportion of
1-2. The burlap shall be 6 ins. wide and of sufficient length
to overlap the width of the tile.

Pump Log Conduit.—The trench for pump log shall be ex-
cavated in the same manner as described for McRoy tile con-
duit construction. Pump log shall be laid directly upon the
bottom of the trench. Where two or more ducts are used they
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Fig. 63.—Method of Extending Lateral Up Pole.

shall be laid so as to break joints. When the pump log is laid
and well settled in position, a creosoted plank 114 ins. thick
and of the width of the conduit shall be laid on top of the
ducts. There shall then be driven, one on either side, 3 in. x
1% in. x 3 ft. creosoted stakes. The stakes shall be sharpened
to a point and driven at intervals of 6 ft. with a 3-in. face par-
allel to the line of the conduit. The tops of the stakes shall be
fastened together by a cleat, of the same size as the stakes, cut
to length and drilled for two 3%%-in. wire nails. The trench
shall then be refilled. The method of laying pump log is
shown by Fig. 62.

Sewer Tile Lateral Conduit.—Laterals when laid in the
main trench, or in a separate trench, shall be single duct, 3-in.
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sewer tile. Connections between lateral laid in the main
trench and lateral laid in a separate trench shall be made with
standard bends of sewer tile. Where lateral is laid in the main
conduit trench it shall be located at the top of the conduic
formatipn and shall be included in the enclosing concrete.

Where lateral is laid in separate trench the trench shall be
wide enough to permit convenient laying and of sufficient
depth to make the completed lateral with its protecting plank
at least 18 ins. below the grade of the street. Joints of lateral
shall be well protected with cement mortar or concrete. Over
the lateral, when laid in separate trench, shall be placed about
3 ins. of earth, which shall be free from large stones. This
earth shall be well tamped, and on top of this shall be placed
a creosoted plank, 15 ins. x 9 ins., to prevent injury in sub-
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Fig. 64.—Round Conduit Plug. Fig. 65.—Square Conduit Plug.

sequent excavations. Where lateral is extended up a pole
with a curve and an iron pipe the manner of making such ex-
tension shall be that shown in Fig. 63. All lateral shall be laid
with the bell end of the tile pointing away from the vault.

Where joints are made between tile and iron pipe the joint
shall be wrapped with burlap to prevent the concrete from get-
ting into the interior of the pipe.

Lateral shall slope toward the vault. This slope, where
lateral is laid in a sepérate trench, shall be, when practicable,
not less than g ins. in 100 ft. In case it is impracticable te
grade toward the vault, the lateral may slope in the opposite
direction. In this case, if the lateral is to be extended up a
pole, a St. Louis “Y” shall be used at the base of the pole in
place of a curve. The St. Louis “Y” shall be placed with one
of its curved parts upward with end against the pole, and the
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other curved part shall be placed downward after first having
excavated a hole of sufficient depth to allow for drainage.
The bottom of this hole shall be concreted.

All laterals shall be rodded, fish wires of No. 12 galvanized
steel wire installed and ends closed with wooden plugs
(shown in Fig. 64), at the time of installation.

e —

{

Fig. 66.—Cast Iron Cover for Vault.

Vault or Manhole Censtruction.—The location of a vault
shall be barricaded and excavation then made to such a depth
as to bring the bottom of the concrete top 175 ins. below
street grade. If the vault is built in advance of street im-
provements, the necessary information as to grade shall be
obtained from the city engineer. The excavation for brick
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vaults shall be sufficiently wide and long enough to leave a
space of 6 ins. around the outside of the wall of the manhole
when finished.

In stiff clay, the excavation may be made of the outside
dimensions of the vault. The standard manhole or vault shall
be of either brick with a concrete bottom, concrete top and
cast iron frame and cover, or of concrete throughout, with cast
iron frame and cover. In size it shall be approximately of the
inner dimensions specified on the plan of the work. For
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Fig. 67.—Vault Size 1 to be Used on Runs of 1 to 3 Ducts of Conduit when
not Intersected.

straight runs the long dimensions of the vault shall be in the
line of conduit. For intersections the long dimension of the
vault shall be in the line of the heavier run. For different
cross sections of conduit the desirable forms and dimensions
for vaults are shown by Figs. 67 to 78, inclusive.

In constructing a vault the bottom of the excavation shall
first be tamped and a layer of concrete of the depth shown on
vault drawing, and of sufficient width and length to project
2 ins. beyond the foundation courses of brick, or the bottom
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of the concrete wall shall be placed, tamped and graded for
drainage. A sewer connection or other means of drainage
shall be provided wherever possible. If the vault is located on
high, well-drained, sandy soil, drainage may be secured by
placing one or two lengths of 6-in. sewer tile perpendicularly
into the ground from'the bottom of the vault. Where possible
the vault shall be drained by a 6-in. sewer “P” trap in the
bottom of the vault with 6-in. sewer tile connection to the
sewer. If the water level of the sewer is higher than the bot-
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Fig. 68.—Vault Size 2 to be Used on Runs cf 1 to 3 Ducts of Conduit when
Intersected.

tom of the vault, sewer connections may be made through the
wall of the vault using a running sewer trap. A back water
trap shall be installed in all cases where the bottom of the
vault is less than 3 ft. above the top of the sewer, by which
the vault is to be drained. All drainage openings shall be pro-
vided with cast iron strainers set flush with the floor or wall
of the vault. Where the vault is drained through the floor, the
floor shall be laid so as to drain to the trap with a fall of not
less than 1 in. in 10 ft.
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In the case of brick vaults, the wall of the vault shall be
built up of hard burned sewer brick laid in cement mortar. In
dry weatheér brick shall be well moistened before using. Walls
- shall be g ins. thick. The wall shall be built up, every sixth
course being laid as headers, to the height required. The top
course shall be laid as stretchers. The horizontal mortar
joints shall not exceed ¥ in. and the vertical joints 3§ in.
in thickness. ‘
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Fig."69.—Vault Size 3 to be Used on Runs of 4 to 8 Ducts of Conduit when not
. Intersected.

The brick work shall be racked away around the entrance of
the ducts to afford room for turning cables when installed.
As the walls are built up cable support.nipples of approved
type shall be installed in all vaults. No less than two sup-
ports shall be set in the walls parallel to the conduit.run on a
level with each layer of ducts in non-intersected vaults. The
supports shall not be nearer than 1 ft. from the end of the
conduit and shall be placed symmetrically. All pipes en-
tering the vaults shall be well cemented into the brick work
and the inside of the vault walls well pointed up. '
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When vaults are intersected-at least one support nipple shall
be set in each wall between conduit runs on a level with each
layer of ducts and set as nearly as practicable at the central
point.

The walls of all concrete vaults shall be 6 ins. thick. The
concrete in the roof and floor shall be thoroughly tamped.
The concrete in the walls shall be uniformly and equally dis-
tributed within the forms, in layers not exceeding 6 ins. in

Fig. 70.—Vault Size 4 to be Used on Runs of 4 to 8 Ducts of Conduit when
Intersected.

thickness, each layer being thoroughly tamped in place. After
this the succeeding layer shall be at once applied, and the
operation continued until the walls have reached the required
height.

When the walls of the vault are finished and filled in and
around the outside, the wood form for the concrete top shall
be placed. The form shall be placed so as to make the center
of the manhole opening as nearly as possible over the center
line of the ducts, going both ways, and midway between the
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ends of the vault; the long edge of the opening being parallei
to the main line of conduit.

In case a vault top is 7 ft. or more in length it shall be
strengthened by 34-in.x 3 x 3-in. T-iron, or other equivalent
reinforcing irons, placed approximately 2 ft. apart and parallel
to the short side of the vault top. Where T-irons are used
they shall be imbedded in the concrete with the stem of the
T up and the.bottom of the bar within 1 in. of the lower side
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Fig. 71.—Vault Size 5 to be Used on Runs of 9 to lé Ducts of Conduit when
not Intersected.

" of the concrete. An alternative method for reinforcing con-
crete roofs of vaults shall be as follows: »4-messenger strand
shall be cut to the outside width and length of the vault roof
and shall be set in the concrete on 4-in. centers about 1 in.
from the bottom of the concrete roof, both across the length
and width of the roof. Immediately under the center of the
bearing surface of the vault frame shall be placed two pieces
of 14-in. strand side by side both lengthwise and across the
width of the vault roof. - '
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Fig. 72.—Vault Size 6 to be Used on Runs of 9 to 12 Ducts of Conduit when
Intersected.
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Fig. 73.—Vault Size 7 to be Used on Runs of 13 to 24 Ducts of Conduit when
not Intersected.
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The forms used for building vault tops are shown by Fig.
81. In the case of concrete vaults, openings for the entrance
of the ducts shall be made with the forms shown by Fig. 82.
These forms are made in two styles, collar and block. The
collar form shall be used where the ducts are already installed,
and the block form, where it is desired to leave an opening for
the entrance of future ducts. The collar form shall be placed
just over the ducts and against the vault form as shown on
Fig. 81, and shall be removed after the vault form has been
removed. S
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Fig. 74.—Vault Size 8 to be Used on Runs of 13 to 24 Ducts of Conduit when
Intersected.

.\ o

The forms shown by Fig. 83 shall be used to form openings
for the entrance of sewer tile where it is desirable to have a
beveled opening as in some cases where large cable is-to be
installed in the sewer tile. These forms are also used to form
" openings for the entrance of circular ducts.

The method of mixing concrete shall be the same as de-
scribed for conduit. The proportions of concrete mixtures for
vaults shall be as follows: If crushed stone concrete is used:
For floors of vaults, 1 part American Portland cement, 4

-
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'

Fig. 75.—Vault Size 9, to be Used on Conduit Runs when Intersected.

Fig. 76.—Vault Size 10, Used for Installing 6 Loading Pots on Conduit Runs
when not Intersected.
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parts 14-in. screenings and 8 parts No. 3 (34-in) stone; for
roofs and sides of vaults, 1 part American Portland cement, 3
parts !4-in. screenings, and § parts No. 3 (34-in.) stone. If
gravel concrete is used: For floors of vaults, 1 part American
Portland cement, 4 parts sand and 8 parts of gravel; for roofs
and sides of vaults, 1 part American Portland cement, 3 parts
sand and 5 parts gravel.
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Fig. 77.—Vault Size 11, Used for Installing 8 Loading Pots on Conduit Runs
when not Intersected.

Cement mortar shall be mixed on a closely laid timber plat-
form or in a wood box. The sand shall be spread on the
mixing platform to a thickness of 2 ins., the cement added and
evenly distributed and the materials turned over 3 times with
hoes. Sufficient water to make the mortar into a stiff paste
shall then be carefully added and the mixture turned over
3 times with hoes to thoroughly mix the material and dampen
every particle of cement. Mortar shall be used within 30
mins. of the time of adding the water. Cement mortar shall
be mixed in the proportion of 1 part American Portland
cement to 3 parts sand.
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FORMS FOR RECORDING COSTS OF CONDUIT
' WORK. )

The forms used for reporting the costs of underground con-
duit construction are shown by Forms 40 to 44, inclusive.

In explanation of Form 40 it will be noted that separate
divisions are not made for handling and mixing concrete, and

Fig. 78.—Tault Size 12, Used for Installing 6 to 8 Loading Pots on Conduit
Runs when Intersected.
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Fig. 79.—3-in, Sewer Tile.

dumping into trench, as in the method of accomplishing the
work it is not often practicable to separate the mixing from
the wheeling and dumping. On all conduit forms the division
for the cost of filling in includes the cost of the labor in load-
ing surplus earth on wagons, reinforcing the trench and clean-
ing up. The cost of laying tile, plank and placing concrete is



UNDERGROUND CONDUIT. 103

included in one division, as their separation would be difficult
and, on account of the manner in which this work is done, the

- tahor

Fig. 81.—Forms for Building Vault Tops.

-separation would considerably increase the work of cost men
without essentially increasing the value of the data. The di-
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vision for laying tile, on the form used for reporting sewer tile
lateral construction, includes mixing concrete or mortar, this
being such a small item that its separation would be of no
value. On the form shown in Form 43 the cost of laying brick
includes the cost of mixing mortar and tending bricklayer.
The division for the cost of placing floor, on both the con-
crete and the brick vault forms, includes mixing and placing
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Fig. 82.—Forms for Constructing Openirgs for the Entrance of Ducts into
Concrete Vaults.

concrete; and the division for the cost of placing top includes
mixing and placing concrete, filling in and resurfacing, lahor
in loading surplus earth, and placing frame and cover. On the
form used for concrete vault construction, the cost of placing
sides includes the cost of mixing and placing concrete and
filling in around the sides, when necessary.

Fig. 83.—Forms for Constructing Openings for the Entrance of Circular
Ducts Into Concrete Vaults.

As in underground construction, generally the building of
vault, main conduit and sometimes laterals are carried on at
the same time, and large gangs are worked, it is not prac-
ticable to make more divisions of vault construction than
those shown in these forms, unless several cost men are em-
ployed in taking data cn the job. This may be readily seen
from the following description of the tisual method used in
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constructing concrete vaults, which is very nmruch the same
for brick vault construction.

A vault gang is generally composed of about 12 or 15 men,
an assistant foreman and a team. This gang either builds
vaults in advance or following the conduit gang. In either
case the two gangs are often widely separated. Six or eight
men are detailed to excavate vault, 2 or 3 being assigned to
each vault, depending on size and soil.

When several vaults are excavated, the balance of the vault
gang follow up the men excavating, and mix and lay the
concrete bottoms. By the time they have caught up to the
men excavating, the concrete bottom of the first vault will be

- sufficiently dry for placing the sides. The forms are then set
up and concrete mixed and placed for all the vault sides.
The vault gang will then either start at the first vault and
complete same by placing the form for the concrete top,
mixing and placing the concrete, setting the iron frame while
the concrete is still wet, filling in around the top, resurfacing
the street and loading surplus earth; or will place bottoms on
vaults which have been excavated since the sides were placed.

METHOD OF KEEPING UNDERGROUND CONDUIT
_ CONSTRUCTION COSTS. .

In the method described for keeping costs of line and cable
construction, cable splicing, removing material and recon-
struction it is required that account shall be kept of the work
accomplished by each man in a_gang. This is readily done, as
the gangs rarely exceed 12 or 15 men. In conduit work, how-
ever, this system is impracticable, as the gangs worked are
generally composed of 50 to 75 men, and sometimes are as
large as 125 men. The following system is therefore used for
keeping conduit construction costs:

A report of each day’s work is entered on a conduit, vault or
lateral form, as the case may be. These reports are either
sent to the office each day or at the end of a job, depending
upon whether or not cost men are required to keep time as
well as costs, an¢ whether the job is large or small. The.
reports are tabulated and when the job is completed are
totaled and averaged.
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The costs of unloading cars and distributing material, i. e,
teaming, labor, and supervision, board and carfare, if any,
are added together and entered on the conduit, vault or lateral
form, as the case may be, in the column headed “Cost of Un-
loading and Distributing Material.” This cost is not included
in the total cost of each day’s work, but is kept separate until
the job is completed on account of it being generally the case
where conduit and vaults are built on the same job that the
cost of unloading and distributing the concrete material. for
the conduit and the vaults cannot be separated as cement,
sand or gravel, as the case may be, is not.separated when.
shipped.

The cost of unloading and distributing cement, sand, gravel -
or stone is kept separate from other unloading and distribut-
ing charges and entered on the conduit form in the column
reserved for the cost of unloading and distributing material
with the word cement, sand, gravel or stone written alongside:
of it in the “Remark” column. Upon completion of the job
this cost is prorated and included in the total cost 6f unload-
ing and distributing material for vaults and for conduit. The
volume of concrete as shown in the specifications for building
vaults and for building conduit is used as a basis for prorating
such cost of unloading and distributing concrete material.

Where mortar or concrete material is unloaded and dis-
tributed on job which includes conduit, vaults and lateral con-
struction no attention need be paid to the proportion of such
unloading and distributing cost to be charged to lateral con-
struction, as the quantity of cement, sand or gravel used
is so small that it is of no importance in estimating. The
quantity of cement required for a lateral rarely exceeds 34 of
a hag. ‘ '

When material has once been distributed on the work, any
labor in moving material from one part of the job to another
part is charged, if tile, to laying tile; if concrete material, to
mixing concrete, and the team used in such rehandling is in-
cluded in the cost of teaming on conduit, vaults, or lateral
construction, as the case may be. A

In taking cost data, the divisions should be the same as the
form shown in Forms 40 to 44, inclusive. Costs are taken




UNDERGROUND CONDUIT. 107

every %5 hour except when in the judgment of cost keepers
the conditions of the work require that costs shall be taken
‘at more frequent intervals, where the gang is small or where
a foreman continually shifts his men, where they are taken
every 10 or 15 minutes.

Separate data are kept for each section of conduit built
where soil, pavement or cross section changes, where the loca-
tion changes from street to alley, or where on asphalted
streets the relative position of the conduit and curb changes.

Memorandum books ruled so that there is a column for each
14 hour of a working day and a column on the extreme left
of the page for the.date, as shown by Form 45, are used for

keeping costs of conduit or lateral construction. For conduit
construction, there should be a page each for teaming; exca-
vating; handling and mixing concrete and dumping into
trench; laying tile, plank and concrete; and filling in. Sim-
ilar pages are used for lateral construction.

In each ¥ hour column, under the proper time heading and
on the line opposite the proper date on their respective page is
entered, every %5 hour, the number of teams working, or the
number of men excavating, etc. The driver is included with
the team. ‘

A blue print plan of the work is kept on hand by cost men
for reference. Each vault on the plan is numbered consecu-
tively, and in making reports the space on the form reserved
for location shall be filled out with the numbers of the vaults
between which the conauit work was installed.

In filling out the location on lateral forms the vault from
which the lateral runs and the direction in which it runs from
the vault is stated. The location on vault forms is filled out
with the vault number shown on the blue print plan.

For vault construction, the memorandum books are ruled
with columns and headings as -shown in Form 46. The
column on the extreme of the page is used for vault number
instead of date. The cost of each vault is kept separate.
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Form 40.
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Noti:—Thisform is also used for Pump Log Lateral Construction.
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Form 43
Brick VAuLT CONSTRUCTION.
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METHOD OF FIGURING UNDERGROUND CONDUIT
CONSTRUCTION COSTS.

In figuring the costs of underground conduit construction
the total 14 hours worked on each division of construction as
shown in the memorandum books is divided by 2 and multi-
plied by the rate of wages per hour. This will give the cost
of excavating, mixing concrete, etc.

Section CC.
Fig. 84.—Collapsible Steel Vault Form.

When during the day more than one kind of construction
was worked on, or where more than one vault has been built,
the method of finding the cost of supervision and expense,
board and carfare is as follows: _

Assuming that 100 men (not including supervisors) have
worked 9 hrs. each, and that the memorandum book shows:

600 hrs. worked on conduit.

100 “ * lateral.
100 « “ vault No. 1. -
100 * “ “ vault No. 2.

900 hrs. worked. .
Divide the total hours worked (9oo) into the cost of super-
vision and expense, which assume to be $9.00. This will give
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the cost per man-hour ($0.01). Multiplying the cost of super-
vision per man-hour ($0.01) by the number of hours spent on
each kind of construction, we have as follows:
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Section C-C

Fig. 85.—Collapsible Steel Vault Form for Octagonal Vaults,
No. Hrs. Supervision per Cost of

Kind of Const. Worked. Man-Hour.  Supervision.
Conduit ............ 600 X $.01 = $6.00
[ateral ............ 100 X .01 = 1.00
Vault No. 1......... : X .01 = 1.00
Vault No. 2......... 100 X .0l = 1.00

Carfare and board may be found in the same way.
UNDERGROUND CONDUIT COST DATA.

The schedules shown herein comprise data on the labor cost
of constructing over 250,000 ft. of conduit and lateral, and
over 550 vaults.

The rates of wages on which the data given in Tables
LXXXI to XCVII are based are as follows:
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. Per day of g hrs.
Foreman ........................ $3.50 to $4.00
Assistant foreman ................ 2.50to 3.00
Timekeeper .......ccoovviiiioi... 2.00to 2.50
Watchmen ..... e 2.00
Waterboy .............. ...l 1.00
Laborers ...........coooiiiiit ‘ 2.00
Teams ...........ciiiiiiii... 5.00
~ Per hour.
Bricklayers .......... ... ..l $0.65 to $0.75

The regular hourly rate was -paid for overtime.
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Section A-A. Section BB
Fig. 86.—Wooden Vault Form.

In the work on which these costs were taken, Mc Roy tile,
cement, vault frames and cover, creosoted plank and pump
log was shipped in cars and unloaded and distributed by the
conduit gang. All other material was bought delivered on the
job. The cost of unloading and distributing material, there-
fore, does not include sand, gravel, stone, brick or sewer tile.

As in excavating almost any trench of more than a few hun-
dred feet, there are small portions where nature or kind of
soil varies, in drawing up these schedules, if a small percent-
age of the soil on a job was sand, wet clay, or hard clay, etc.,
and the balance clay, it is considered clay. No separation is
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made in the schedules showing the average cost of installing
the different cross sections of conduit in cities, between the
conduit built in roadways and parkways, as there is very little
difference in the cost, because, in cities, the surface of park-
ways is usually grass and it is about as expensive to remove
and replace as the pavement of roadways, with the exception
of asphalt, which is replaced by paving contractors and not
included in the labor costs of resurfacing. The cost of unload-
ing and distributing material is not included in the schedules
showing the average cost of each different cross section of
conduit in cities, as in many cases cost men were not assigned
to a job until after material was distributed.

The data given in Table LXXXVI show the average cost
of 68 concrete vaults, size 3, the walls of which were built
with the collapsible steel vault form shown by Fig. 84.

Tt will be seen that the cost of these vaults was consider-
ably lower than the cost of the concrete vaults, size 3, given
in Table LXXXV. This lower cost is accounted for by the
use of the steel form, which proved to be much cheaper to set
up and remove than the form shown by Fig. 86, which was
used in building the vaults on which the data given in Table
LXXXYV are based. )

The form is made in two sections, each section forming one
side of the vault wall and one-half of each end wall. The
end parts are hinged well back on the side parts so that they
swing inward immediately, and do not scrape or catch against
" the concrete when opening. One of the two sections has its
end parts fitted with overlapping bars which are fastened as
" shown, and hold the form rigid so that the use of braces is
not required. Two of these forms are used for building a
vault to the standard height.

Although no data on the cost of building vaults with the
form shown by Fig. 85 were available, it is given to show the
style of form used for building octagon shape concrete vaults.
The style of the form is similar to that shown by Fig. 84,
the end pieces and method of locking being the same.

In connection with the tables of averages given above
records of cost of several individual jobs are given in Tables
LXXXVII to XCVIL
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TapLe LXXXI.—Averace Cost o McRoy TiLe Conpuir CONSTRUCTION

1IN CITIES.
Cost of Handling
. and Mixing

Concrete Cost of

Oondnu and ing Tile,
‘ross Costof Cost of Dumping Cost of
s...~ Team- Excavat- _into and Flillng Super- Total Total
u.m . ing ing Trench Concrete In vision Cost t ust
Kind of Per Per Per Per Per Per Per

Duo&C Boil Lin.Ft. Lin.Ft. Lin.Ft. Lin.Ft. Lin.Ft. Lin Ft. Lin. Ft Ductl‘t.
2 A Clay ..... ..$0.0267 $0.0629 $0.0297 $0.0181 $0.0440 $0.0310 $0.2074 $0.1037

Hard Clay. 0.0438 0.0705 0.0386 0.0133 0.0540 0.0432 0.2634 0.1317
Avemge .e 0 0352 0.0667 0.0342 0.0132 0.0490 0.0871 0.2354 0.1177
3 A Sand 0160 0.0588 0.0441 0.0294 0.0147 0.0515 0.2145 0.0716
Clay ...... 0.0663 0.0536 0.0169 0.0503 0.0367 0.2412 0.0804
Hal‘d Clay. 0 0223 0.0770 0.0425 0.0125 0.0415 0.0314 0.2272 0.0757
g:e‘liage y 0 0186 0.0674 0.0467 0.0196 0.0355 0.0398 0.2276 0.0759

w
w
5
q
(=4
<
o
@
o«
=3
(=3
-
-2
[ ]
=3
(=3
-
-2
-
e
(=3
3
o
-
<
=4
©
3
<
(=]
-
-3
-
'S
(=4
=3
LAl
o
-

0 0 63 065 5 5 . 5 . .
Hard Clay 0.0198 0.0781 0.0166 0.0189 0.0521 0.0372 0.2237 0.0746
Average .. 0.0176 0.0675 0.0176 0.0190 0.0422 0.0386 0.2025 0.0675

g:eéage .. 0.0313 0.1247 0.0526 0.0316 00396 0.0515 0.3313 0.0825

{ B 253 0 0917 0.0294 0.0190 0.0350 0.0382 0.2386 0.0597

5 A

6

6 B

7 A

8 A - 9.024
Hard (,la) 0.0401 0.1704 0.0603 0.0327 0.0823 0.0796 0.4654 0.058z
Average .. 0.0344 0.1482 0.0664 0.0332 0.0727 0.0705 0.4254 0.0532

9 A Sand ..... 0.0311 0.1257 0.0743 0.0287 0.0733 0.0711 0.4042 0.0449

Clay ...... 0.0299 0.1605 0.0728 0.0402 0.0839 0.0805 0.4678 0.0520

Hard Clay. 0.0471 0.1782 0.0696 0.0423 0.0876 0.0673 0.4921 0.0547
Average .. 0.0360 0.1548 0.0722 0.0371 0.0816 0.0730  0.4547 0.0505

11 A Sand ..... 0.0402 0.1464 0.0884 0.0493 0.0812 0.0804 0.4859 0.0442
Clay ... 0.0501 0.1848 0.0779 0.0501 0.0934 0.0902 0.5465 0.0497
Average .. 0.0452 0.1656 0.0831 0.0497 0.0873 0.0853 0.5162 0.0469

12 A Sand ..... 0.0422 0.1457 0.0787 0.0522 0.0786 0.0781 0.4756 0.0896

Clay 0.0517 0. . . . 5 X X
Hard Clay. 0.0476 0.2127 0.0760 0.0517 0.1014 0.0887 0.5781 0.0482
Average .. 0.0472 0.1832 0.0790 0.0512 0.0916 0.0332 0.5354 0.0446

TasLe LXXXII.—Averace Cost oF Pump Loc Conpuir CONSTRUCTION IN

CITIES.

Cost of Total
Conduit Cost Cost Laying Cost - Total Cost
Cross of of Pump Log of Cost per
Section. Team- Exca- and Filling Bl:rervl- per Duct

Kind of Boil. No. Ducts. ing. vating. Flank. in. Lin. Ft.
Sand and Water.. 1  $0.0304 $0.0612 $0.0177 $0.0314 80 0240 $0.1647 $0.1647
Clay ..oveececiananns 1 0.0281 0.0574 0.0189 0.0247 0262 0.1553 0.1553
Clay a.nd Water.. 1 0.0331 0.0818 0.0213 0.0386 0 0341 0.2089 0.2089
Average ......... oo 1 0.0305 0.0668 0.0193 0.0316 0.0281 0.1763 0.1763

ge
Sand and Water.....

2 0.0334 0.0843 0.0278 0.0397 0.0299 0.z101 0.107¢
Clay and Water..... 2 0.0317 0.1054 0.0262 0.0411 0.0362 0.2396 0.119%8
Average ............ 2 (.0325 0.0949 - 0.0270 0.0404 0.0226 0.2274 0.1137
Sand and Water.. 4 0.0412 0.1401 0.0411 0.0519 0.0496 0.3239 0.0810
Clay .....ceccveennnns : 0.0487 0.1482 0.0490 0.0537 0.0512 0.3508 0.0877

0.0449 0.1442 0.0451 0.0528 0.0504 0.3374 0.084s
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TapLe LXXXIII.—Averace Cost oF SEWER TILE LATERAL CONSTRUCTION

IN CITIES.
Oost of Total Total
Conduit Laying Cost Coss Cost
Cross Cost of Tile,Plank of r per
Section. Costof Exca- and Filling Super- Elen. Duct
Kind of Soil. No. Ducts. T ting. C 37 In. vision, Ft. Ft.
Sand ............... 1 $0.0099 $0.0364 $0.0201 $0.0219 $0.0291 $0.1174 $0.1174
Clay .. 1 0.0167 0.0467 0.0156 0.0260 0.0827 0.1377 0.1377
Hard Clay 1 0.0234 0.0581 0.0198 0.0293 0.0302 0.1608 0.1608
Very Hard Clay.... 1 0.0408 0.0720 0.0178 0.0311 0.0414 0.2031 0.2031
Average ........... 1 0.0227 0.0533 0.0183 0.0271 0.0333 0.1547 0.1547
Clay ...covvvvnnnnnn 2 0.0201 0.0709 0.0223 0.0502 - 0.0390 0.2025 0.1018

TaeLe LXXXIV.—AvERAGE Cost oF Brick VAuLt CONSTRUCTION IN

CITIES. :

Cost of Cost of Cost of Cost of Cost of Cost of
8ize No. Team- Ecavat- Placing Laying Flacing Supervi- Total
Kind of Soil. of Vaults, ing. ing. Floor. Brick. Top. slon. Oost
Sand ......... 1 $2.80 $3.69 $0.94 $11.23 $3.18 $2.87 $24.71
YV oeeeeennnn 1 3.28 4.56 0.73 11.39 3.69 3.04 26.69
Hard Clay 1 3.27 5.64 1.04 10.86 3.82 . 3.16 27.79
Average ..... 1 3.12 4.63 0.90 11.16 3.56 3.02 26.39
Sand ......... 2 2.97 3.81 1.15 10.71 3.34 3.01 24.99
lay ......... 2 3.47 4.48 0.92 11.22 3.48 3.41 26.98
Hard Clay 2 3.49 .5.52 1.14 11.46 3.67 3.28 28.56
.3.31 4.60 1.07 11.13 3.50 3.23 26.84
2.62 3.85 1.12 12.63 2.5 3.10 25.87
3.64 4.52 1.26 11.47 3.76 3.56 28.31
3.01 5.71 1.34 13.89 58 2.93 30.46
3.09 4.69 1.24 12.66 30 3.20 28.18
3.62 4.54 1.82 14.41 4.07 4.12 32.58
4.06 5.78 1.76 14.28 -5.83 4.57 36.2%
4.86 7.51 2.23 14.12 4.32 4.98 38.01
4.17 5.94 1.94 14.27 4.74 . 4.56 35.62
3.48 4.69 2.04 14.47 4.16 4.21 33.06
4.17 5.54 1.93 14.32 5.94 4.86 36.76
3.83 5.12 1.98 _ 14.39 5.056 4.54 34.91
4.01 4.76 2.33 14.35 4.34 4.51 34.30
3.90 5.71 2.04 14.57 5.66 4.22 36.10
4.46 7.42 2.11 13.86 5.81 4.91 38.57
4.12 5.96 2.16 14.26 5.27 4.55 36.32
6.27 6.27 3.06 18.27 5.98 5.64 456.49
6.90 8.04 2.87 18.94 6.40 6.87 50.02
6.59 7.15 2.97 18.60 6.19 6.25 47.75
2.49 ©  4.01 1.19 - 11.63 3.43 3.12 26.32
3.37 4.72 1.21 11.22 3.59 3 44 27.75
3.68 5.43 1.07 11.56 3.86 3.52 29.12
3.40 4.72 1.16 11.47 3.62 3.36 27.73
3.19 4.27 1.26 12.04 4.01 3.61 28.38
3.39 4.63 1.19 12.83 4.32 3.97 30.33
3.29 4.45 1.23 12.43 4.17 3.79 . 29.36
7.94 16.43 3.96 26.14 7.27 10.74 72.48
9.12 18.74 4.67 24.82 8.02 12.02 77.39
9.53 22.04 4.09 25.32 7.13 13.81 82.52
8.86 19.07 4.24 25.43 7.67 12.19 77.46
10.52 26.02 5.34 30.96 8.562 15.11 96.47
9.93 25.64 5.83 32.11 8.36 14.04 95.91
Ce. 10.14 28.89 5.15 31.07 8.84 14.41 98.50
Average . ..... 12 10.03 27.27 5.49 31.59 8.60 14.23 97.21

*For 8 ducts or less. {For 9 ducts to 12 ducts.

TapLe LXXXV.—AvERAGE Cost oF CONCRETE VAULT CONSTRUCTION IN

CITIES. .
Costof Costof Costof Costof Costof

Size No.of Team- Excavat- Placing Placing P acing Super- Total
Kind of Soil, Vaults. Ing. ing. Floor, Sides. _Top. vision. Cost.
Sand .......... 1 $2.44 $3.79 $1.02 - $4.41 $2.44 $2.11 $1¢6.21
Clay .......... 1 3.16 4.38 0.87 4.58 2.83 2.46 18 28
Average ....... 1 2.80 4.08 0.95 4.50 2.63 2.29 17.25
Sand .......... 3 -2.78 3.91 1.22 5.79 2.22 2.51 18.43
Clay .......... 3 3.23 4.60 1.14 £.48 3.51 2.87 20.83
Hard Clay..... 3 2.54 5.83 1.18 5.64 3.42 2.82 22.48
Average ...... 3.18 4.78 1.18 5.64 3.0 2.73 20.58
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CHAPTER VI
DETAILED COST OF CONSTRUCTING 824,862 DUCT
FEET OF UNDERGROUND CONDUIT AND
318 VAULTS IN ONE JOB.

The following data give the costs of one of the largest
multiple duct conduits ever installed. It comprises 824,862
duct feet of conduit and 318 vaults. In securing these data
special attention was paid to accuracy and uniformity. A
competent cost man was assigned to each gang, and in some
cases, where gangs were large, two men were engaged in
keeping costs. Reports were made daily to the cost statis-
tician who had an office on the ground and who personally
supervised the taking of the costs. The work was divided
into three divisions, each division being subdivided into two
or three sections with a separate gang for each section. The
work commenced in June, and with the exception of a small
part, delayed on account of right of way trouble, was com-
pleted by November 1st.

The system of figuring these costs and the forms used differ
in some respects from the forms and system already explained.
The form used for reporting the cost of concrete vaults has
a division for setting up and removing forms and a division
for mixing and placing concrete; while on the form shown
by Form 44, the cost of setting up and removing forms is
included .in both the cost of placing side and in the cost of
placing top, and the cost of mixing and placing concrete is
included in the three divisions—placing the bottom, the side
and the top. - . .

On the form used for reporting the cost of brick vaults, the
cost of mixing concretg and mortar is included in one division,
and the cost of placing floor and top is included in another;
whereas, on the form shown by Form 43, the cost of mixing
mortar is included in cost of laying brick, the cost of mixing
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130 ) TELEPHONE CONSTRUCTION.

concrete is separated and included in both the cost of placing
floor and in the cost of placing top; and cost of placing floor
and top are separate divisions.

The divisions for entering the cost of placing floor and top
on the form used for reporting the cost of brick vaults, and the
divisions for entering the cost of mixing concrete on the form
used for reporting the cost of concrete vaults include the cost
of setting up the frame and resurfacing the street.

It was necessary to make an extra division for entering the
cost of erecting and painting posts which were used to mark
the site of vaults built in country roads. :

On all the forms supervision and expense includes carfare
and board, and it is entered in a column on the right cf the
column used for the total cost, because it has been included in
the total cost by prorating and adding it to the cost of each
division by the following method:

Assuming the cost of supervision and expense per man-hour,
having been found by the method explained in Chapter V, was
$0.01, and that the memorandum book shows:

300 hrs. worked on excavating.

100 hrs. worked on mixing concrete, etc.
100 hrs. worked on laying tile, etc.

100 hrs. worked on filling in.

Multiplying the cost of supervision and expense per man-
hour ($0.01) by the number of hours worked on excavating,
mixing concrete, laying tile and filling in, we have the fol-
lowing:

Supervision and  Cost

No. Hrs.  Expense per of
Division of Const. Worked. Man-Hour. Supervision.
Excavating .......... 300 X .01 $3.00
Mixing concrete, etc.. . 100 X .01 1.00
Laying tile, etc....... 100 X .01l 1.00
Filling in ........... 100 X .01 1.00

Adding these proportions of supervision and expense to the
labor cost of the excavating, mixing concrete, etc., will give
the total cost of excavating, etc.
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The proportion of supervision and expense for each division
of vault or lateral construction is found by the same method.

The rates of wages paid on this work were the same as
those given in the previous chapter.

Table XCVIII is a summary of the entire work, showing
in detail average costs of each of the three divisions
of the job. The unloading and distributing cost on
Divisions 1 and 3 were higher than Division 2 on account of
having been further away from the freight depot. The freight
on material for Division 1 was high on account of being fur-
ther away from the shipping point than either Divisions 2 or 3,
and also on account of the quantity of creosote plank used, on
which freight rates are high. The supervision, traveling and
livery under the heading of expense were incurred by right of
way men, superintendent of construction and assistant super-
intendents. :

Tables XCIX to CIV, inclusive, show the average labor
costs for installing each class and cross section of conduit by
the various foremen.

Table CV is a summary of the total and average labor costs
of each kind and class of vault built, and Tables CVI to
CXVI, inclusive, show the average labor costs of each class
of vault built by the various foremen.

Table CXVII is a summary of all the work done by each
foreman, comparing the total and average labor costs. This,
as well as the succeeding Tables CXVIII to CXXII, inclusive,
which show the average labor costs in detail of all the work
done by each foreman, and Tables CXXIII to CXXVII, in-
clusive, which show the average labor costs in detajl of all the
vaults built by each foreman, are interesting comparisons of
the ability of foremen and are of value in proving the advisa-
bility of system in laying out work and handling men.

Table CXXVIII shows the labor cost of both classes of
3-duct conduit, with vault corresponding, built on Division 1,
and is a comparison of the cost of the work completed by the
two foremen in charge. Both of these foremen had practically
the same soil and physical conditions to contend with.

Foreman B mixed concrete by hand and had a gang aver-
aging about 50 men, composed of Italians; whereas, Foreman
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E mixed concrete by machine, had a gang averaging about 100
men, composed almost entirely of Americans, ranging in age
from 20 to 70 years, collected in a city settled by a religious
sect. The gang was collected in this city under an agreement
made with the officials in order to secure right of way for the
conduit. It will be seen that it cost Foreman E more to
handle, mix and dump concrete than Foreman B, although the
former mixed by machine where the latter mixed by hand.
This difference in cost is accounted for by the high cost of
handling and wheeling concrete incident to a poor class of
labor such as employed by Foreman E. ‘

The difference in the cost of excavation, and laying tile and
_placing concrete is accounted for by the same reasons. The
lower cost of filling in on the work done by Foreman E is
accounted for by the method he used of filling in without
tamping and then running a 5-ton roller over the trench;
whereas, on the work done by Foreman B the trench was
filled in and tamped by hand..

As weekly reports of the costs and work completed by each
foreman were made, great rivalry existed between the various
foremen in an endeavor to make a record. This tended to in-
crease the amount of work accomplished and to develop ability
in the foremen.

Foreman A had more technical knowledge of conduit work
than any of the other foremen, but had no system in handling
men or laying out work. He continually shifted both laborers
and assistant foremen, used too many men in mixing and
handling concrete, and built vault far in the rear of the conduit
work. He mixed concrete by machine. He had a gang aver-
aging 100 men,’but could have accomplished more, propor-
tionately with 'a gang of 50 men.

Foreman B was formerly assistant to Foreman C. While he
used very much the same system of handling men and laying
out work as Foreman C, he was lacking in self-confidence
and in ability to drill men in the work. He frequently went
into a trench or a vault in order to show the method of accom-
plishing a task, whereas another foreman could explain the
work from the bank of the trench. He had gangs for mixing
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concrete, laying tile and placing concrete, and for building
vaults. These gangs he rarely shifted, but the balance of the
men he continually changed from one part of the work to an-
other. He put little responsibility on his assistant foremen
and relied on himself to supervise the entire work. He built
vaults a short distance in the rear of the conluit work. His
gang was composed of about 50 men. He mixed concrete by
hand. :

Foreman C, although having practically no education, was
a genius in handling men and laying out work. Wohile too
erratic to handle a large gang, this foreman with 50 men could
accomplish more and cheaper work than any other foreman.
He built vaults along with the conduit, thereby economizing
in labor and cost. He mixed concrete by hand.

Foreman D was a competent foreman and had considerable
system in his method of working his men, but was inclined
to stretch out the gang over a great distince making it almost
impossible to supervise all the work. The vault, correspond-
ing to conduit built by Foreman D, were built by Foreman E,
but are included in the cost of building his section of conduit
for the purpose of comparison. The average gang employed
by Foreman D was go. He used a machine mixer. '

Foreman E had at times a gang of 140 men, which he
handled with the same facility as most foremen would a gang
of 10 men. He did everything systematically. He divided his
gang into divisions corresponding with the work, put each di-

“vision under an assistant foreman, and assigned them to a cer-
tain branch of the work and kept them on this branch day by
day, never shifting either a man or a gang except  when re-
quired by the conditions of the work. He used a machine
mixer. He built vault as close behind the conduit work as
possible, it being not practical to build them along with the
trench on account of the amount of conduit installed each day
forcing the vaults—which take several days to build—in the
rear. This foreman installed 12,947 lin. ft. of 3-duct conduit in
one week with an average gang of 112 men. His highest run
for any one day being 2,808 lineal trench feet opened and 7,851
duct feet of 3-duct laid. He rarely gave orders to laborers
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_ direct, as he held his assistants responsible for the men and the
work accomplished. He completed more work in less time
than any other foreman, although having the hardest condi- -
tions of soil to contend with and having had a gang composed
of a poor class. of labor, as explained before.

When it is considered that other things equal, the smaller
the cross section the more the cost, it will be seen that Fore-
man E, conditions notwithstanding, installed his part of the °
work almost as cheap as any foreman, and he installed 6-duct,
Class A, where fair conditions were encountered, at a much
lower cost than any other foreman.

Foreman F built only vaults. For the purpose of compari-
son these vaults are included in the schedules with the sec-
tions of conduit to which they correspond.

In these data the conduit built in parkways crosses intersect-
ing roadways, but no separation was made of the part built in
roadways, as it was not practicable. There were also sections
where the soil varied for a short distance, but separate data
were not kept, on account of the very small difference in cost
which it made, and also as explained before, a percentage of
variation is always incident to a trench of any considerable
length.

The vaults, the costs of which are given in these tables,
were built with sectional wood forms shown by Fig. 86.
It will be seen that these forms are made in four sections,
two side and two end sections, both side and end sections
being fitted with grooved iron ends. For convenience in
handling, these forms are made one-half the height of the
vauit walls, so that two forms are required for building the
walls to the standard height. The form shown is used for
building size 1 vaults; a similar form, of larger size, is used
for building size 3 vaults. In constructing vaults with these
forms it is necessary to place braces between the two side
sections. O’Leary ditch braces are used for this purpose.

The method and forms used for building vault tops and
opening for the entrance of ducts were the same as explained
in the previous chapter. '
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136 TELEPHONE CONSTRUCTION.
TaBLe XCIX.—AvVeraGe Lamor Cost oF NINe-Ducr Crass A McRoy
TiLe Conpritr CONSTRUCTION.
(Division 2, Clay Soil, Roadway Unpaved.)
¥ ) Total Cost 5945 Total Cost.
it $ 9 Fm ofs s SfDuet BEE o &
3 . C = P o =0
. 88 By & 2R 3R, R ERR R & & ZRGR R
§ 95 0% o Bd o Fd Toffd ywbdwnd £ B gong £ B
E w8 vl TE3 TL3 SFEES TASITEI 5 3 Bawd 4 A
§ s o8 B8y Bxs BEZss BazsiEs 5 S EiL s %
g ze ze ood Sma SEASE S3FA SEa & & S A o
$ $ $ $ $ $ $ $ $ 8
A 3,004 27,036 .0395 .1793  .1741  .0048 .2102 .6679 .0742 .0361 .7040 .0782
TasLe C.—AVERAGE Lapor Cost oF EiGHT-Ducr McRoy TiLe Conbulr
CONSTRUCTION.
(Division 2, Hard Clay Soil, Parkway and Private Property.)
. - * Total Cost g
% " ‘g‘» ;g-u oS of Duct, 52 5
. -] g ., g8 = *, b & - g
§ 8% & L fSiny EDoE f O B O
£ g % 8F VI o¥SEU¥S Bw § 5 5§ ]
g § 3 ws wigREagie 3E 7 % sdiE &
o (] R oo B4
4 S 28 88 858533838 3 & 8 85As Sl
$ $ $ $ $ $ $ $ $ $
A 10,326 82,608 .0640 .1707 .0717 .0697 .1086 .4847 .0608 .0320 .5167 .0646
B 1,385 11,080 .0509 .2125 .0440 .0366 .0476 .3916 .0490 .0320 .4236 .0529
C 4,301 34,408 .0302 .1351 .0208 .0202 .0384 .2537 .0317 .0320 .2857 .0357
Total 16,012 128,096 .0538 .1647 .0580 .0536 .0845 .4146 .0518 .0320 .4466 .0558
*Per Lin. Ft. tPer Duct Ft.
TaBLe CL.—AVERAGE Cost oF Six-Ducr CrAss A McRoy Tme CoNpuIT
CONSTRUC11ON.
(Divisions 1, 2 and 3, Hard Clay Soil, Parkways.)
g x, TO{(%C(:Ot 'g
o *, = ] of Duct. e
. 8. S 2 s o8 &
: .58 a L g 2g,.* = ., = 2L
PoovE o G GauEEiGES Y 4 & Tiel 3
3 25 g~ = Pl
; ; % BRHg §»° = g BERE &
s sk S R OBMAS NN E O ¥ 8s&s .
$ $ $ $ $ $ $ $ $ 8
A 1,053 6,318 .0387 .1308 .1098 .0560 .1923 .5276 .0879 .0240 .5516.0919
c 499134 20,949 .0620 .1549 .0479 68 .0687 .3803 .0634 .0240 .4043.0674
ﬁ 21,325 127,950 .0242 .1381 .0384 .0284 .0490 .2781 .0464 .0580 .3361.0559
ver. .
Cost.. 27,3694 164,217 .0316 .1409 .0429 .0329 .0581 .3064 .0510 .0505 .3569.0594

*Per Lin. Ft.
Kinds of soil and pavement

1Per Duct Ft.
) Foreman A; claﬁparkway; Foreman C, hard clay park-
| way; Foreman E, hard clay, roadway, unpaved.

TaBLe CII.—AvErAGE Cost ofF Six-Ducr Crass B McRoy TiLe Conbulr

CONSTRUCTION.
(Divisions 2 and 3, Hard Clay Soil, Parkways.)
Ed . Tofu];)lCost -g .
o - *, ,g 03 of uct: g -
. 8 9y a% =8 B L |
s & oy 8w B oz & & EE. 8
% w3 uf dTuriBvES v & 2 WEER 3
e g -9 28 8BS BREg a';v B [ = Bewy S
% 8538 = ci28 . &
£ 88 28 88 88358383 sE & & 85AF Ly
$ $ $ $ $ $ $ $ $ $
B 24,692 148,152 .0382 .1436 .0211 .0302 .0602 .2933 .0489 .0240 .3173 .0529
C 3,620 21,720 .0345 .1665 .0176 .0276 .0324 .2786 .0464 .0240 .3026 .0504
R 3,874 23,244 .0267 .1699 .0292 .0420 .0600 .3278 .0546 .0626 .3904 .0650
ver.
Cost 32,186 193,116 .0364 .1493 .0217 .0313 .0571 .2958 .0493 .0286 .3244 .0540
*Per Lin. Ft.  tPer Duct Ft.
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TaBLe CIIL.—Averace Cost oF Four-Duct CLass A McRoy Tie CoNpulr

CONSTRUCTION. .
(Division 3, Wet Clay Soil, Parkway.)
¥ - Toitthost g
% » *. 3 o of Duct, e
- g By . H3T. 2P v £ & ?E.. &
g S0 P BTN ESLNE W d 8 L E3
e 5 w3 vf siuErsaS sy § f s§E 3
. % % BEEa g’;,o 2= P o] g._.u =}
] o =3 = c.2a =
= S& S8 &8 g&‘ 88A3 838 88 & & 8583 g
$ $ . s $ $ $ $ $ $ $
D 50 200 ..... .1574 .0250 .0322 .0224 .2370 .0592 .0418 .2788 .0697
}AE 3,047 12,188 .0182 .0864 .0381 .0414 .0409 .2250 .0562 .0418 .2668 .0667
Ver.

Cost 3,097 12,388 .0179 .0875 .0379 .0413 .0406 .2252 .0563 .0418 .2670 .0667
*Per Lin. Ft.  tPer Duct Ft.

TasLe CIV.—AvEraGe Cost oF Four-Duct CLass B McRoy TiLe ConNpulT
CONSTRUCTION.

(Division 3.) .

X Total Cost

¥ . 3
.u‘ - . ;_;_c 03 og Duct: s? 4(5
P §8 %5 4 € EE. EF v & & wEe S
s & & v fif b o:od 8 mn O
g - 58 % 'sggag 53 By & 3 o'S,g.u ]
g 3 o3 %3 88 wEEdgic zf 7 7 §§:§ e
= Z6 zZm S& Sd SEASSIE S8 & & S5AE ——t
$ $ $ $ $ $ $ $ $ $
D 7,335 29,340 .0074 .1552 .0244 .0331 .0295 .2496 .0624 .0417 .2013 .0728
E 16,464 65,856 0371 .1515 .0295 .0243 .0531 .2955 .0739 .0418 .3373 .0843

ver.
Cost 23,799 95,196 .0279 .1526 .0280 .0270 .0458 .2813 .0703 .0418 .3231 .0808

*Per Lin. Ft.  {Per Duct Ft:’ F D. pard i X
e ‘oreman D, hard clay, parkway.
Kind of soil and pavement { g ooy E, very hard clay, macadam roadway.

TaBLe CV.— LaBor Costs oF Brick AND CONCRETE VAULT CHONSTRUCTION.
(Divisions 1, 2 and 3.)

Size Total Average No.

Kind. No. Cost. Cost.  Built. Size of Vaults.
. . $2,5663.16 $22.39 114 ¥ x¥6"x46
1,567.05 15.07 104 ¥6"x46"x46"
1,528.21 36.39 42 & x&5 "x56"
156.99 26.17 (] 46"x46"x46"
25.41 25.41 7 x§ x§6
75.27 75.27 1 1Y x9 x 77
65.91 65.91 1 7 xb§ x§6"
182.46 36.4 5 6 x56"x36"
12 104.12 1 10 x100 x§ 6"
3,549.22 80.09 42 6 x¥2¥x71”
115.85 1 6 x1¥5 x71”

115.85
$9,923.65 § 31.21 318 ...

Tae CVI.—AveErace Laror Costs oF CONCRETE VAULT CONSTRUCTION,
Size No. 3.
(Hard Clay Soil. Size of Vault, 5" x 3’ 6” x 4°6”"—Divisions 2 and 3.)

0.
=84 g [
. 59 £ _TWE 2
SE. Rwe . s
.8 J;Eg SEaf i £8%8 §. 5 o
Foreman. “ E “d w8 -c-.;“.s - (3 ‘s K‘ga :'8 m-g 5
°'§ 55 BLL tmiE S 5 sm‘ég B BE [
22 Bo BoEs 4§23 < Qg9 50 6,8 3
% %0 ° S o © o ]
§(—~ Sa 85f 3§S& =5 & @95 2B 2B =z
$0.46 $11.50 $4.30 $18.46 $... $43.72 $9.35 15 132} 11
4.08 6.49 2.32 7.73 1.21 21.83 592 5% 50°% 14
1.42 4.63 1.12 3.30 1.22 11.69 2.41 4 35 6
5.02 5.97 1.37 9.32 1.21 2289 6.25 6. 533 2
3.57 5.56 1.42 7.59 1.24 19.38 359 95 47,38 58
4.41 6.29 1.77 8.81 1.11 22,39 4.95 8% 562 114




Size No. 1.
Size of Vault, 3°6” x 46" x 4°6”"—Division 1.)
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TaBLe CVII.—AvVERAGE LaBor Costs or CONCRETE VAULT CONSTRUCTION,.
(Sand Soil.
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CHAPTER VIL
MISCELLANEOUS COSTS AND SPECIAL DATA.

The tables given in this chapter are a collection of data cov-
ering many kinds of telephone construction both aerial and
underground. Some of these tables were drawn up to facili-
tate estimating and others were used in deciding as to the
expediency of different methods. With the exception of those
showing the cost of certain jobs, the tables are based on data
collected and records kept on several thousand jobs. Only
the results of actual records are given, and as exemplified in
the case of the shrinkage of mortar and concrete shown herein
the percentage is much greater in the actual mixing than in the
theoretical mixing.

In the previous chapters the specifications explained in a
general way the quantities of materials used in the various
kinds of telephone construction. These quantities are usually
familiar to men engaged-in constructing and estimating, but
there are some cases where there is a great difference of
opinion as to the average amount of material required.. In the
case of a mile of toll line or farm line, although the general
specifications may require that poles be set 130 ft. or 150 ft.
apart, as the case may be, on account of road crossings and
corners making it necessary to shorten spans, it rarely hap-
pens that a mile of line is built which does not require more
poles, cross-arms and other equipment than the number based
on poles set an equal distance apart. The question, therefore,
how many poles, cross-arms or anchors to a mile, requires a
knowledge of the records of many lines. The tables are based
on average quantities of materials and present prices of
standard materials of the best grade.

In gathering the cost data which form the subject of the
previous chapters, some remarkably cheap work was, from
time to time, reported by cost men and, with the object of re-
ducing the cost of construction without lowering the standard,
special circular letters containing these data were sent to the
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'MISCELLANEOUS COSTS. 147

various foremen. They had the effect of spurring foremen on
to make a “record” for cheapness in construction, as shown
by results of the work of some foremen after the receipt of
these circular letters.

Tables CXXIX and CXXX are examples of work of which
special reports were made; they show the labor costs of
constructing some farm lines. Although these jobs were very:
cheaply built considering the nature of the soil and other
conditions, no effort was made by the foremen in charge to
make a “record,” or no specml kind of tool was used. . In the
case of the jobs shown in Table CXXIX the frozen ground
was loosened with digging-bars and the balance of the hole ex-
cavated by means of spoon and shovel. Spoon and shovel was
used for excavating holes on the jobs shown in Table CXXX.
Where quicksand was encountered, sand barrels were used.
All the work was ong or more miles distant from the stations
“of the gangs, and on that account considerable time was lost
each day in getting to the jobs. This time is included in the
cost of the work. Both tables represent the record of con-
secutive days’ work.

TasLe CXXIX.—Cost or LiNe CoNsTRUCTION ON Jor 1.
20 ft.—4 in. top Farm Line Poles.

Cost Cost Total
Teaming Cost Super. Cost Kind No. X
No. Laborin_ Cost Dig.and- Cost and Per of Hours Remarks.

,Poles Hauling. Framing. Locating. Setting. Exp. Pole. Soil. Worked. Mi. to job.

7 $.23 $.04 $.24 $13 & 08 $.72 Soft Clay 9% 1 6” frost
10 .26 .04 .23 .10 .74 ‘ 134 4 6

8 .21 .04 .26 .10 08 .69 “ 10y, 1 127 -
49 .25 .03 .26 Ny .09 .72 “ 63 7 167
41 .30 .08 .28 .06 .10 .79 * 583 3% [

25 ft.—5 in. top Farm Line Poles.

3 .15 .04 .36 13 .15 .83 SoftClay 5y 1 6” frost
19 .26 .08 .35 15 20 1.02 “ 358 1 "

5 .33 .04 .40 11 1 .99 ‘ 9% 3 16”7

8 26 03 37 12 11 8 1 6 1 -

Cost STOMBAUGH ANCHORS.
Teaming Cost Total
and Cost Super. Cost No.

No. Labor in Cost Placing and Per Kind . Remarks.
Anchors. Hauling. Setting. Guys. Exp. Anchor. Soil. Wotked M. to job.

1 $.07 $.33 $.18 $.05 $64 . Clay. 1% 2 307 frost
11 .07 .19 13 .06 .45 ‘- 81 7 127

6 .95 .13 .00 .08 .35 “ 3% 5 127«

Cost No. 12 SteeL WiRE.,
Teaming Cost Cost

Miles and Stringinz  Super.  Total No. No.
Wire Labor in an and Cestr Hours Line .
Strung. Hauling. Eaquip. Exp. Per Mi.. Worked. Orders. Remarks.

6 $.76 $2.01 - $.39 $3.16 433 3- 2% Miles to job.

5 .58 2.69 .64 3.91 40; 4 4 - -

4 .64 2.88 .60 4.12 33 4 8 - “
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TasLe CXXX.—Cost oF LINE CoNSTRUCTION ON JoB 2, FARM LINE.

30 ft.—6 in. tgf Poles.
Cost of Cost of
Teaming Digging Super Total No.
No. of Labor in_Cost of _ and Cost of and _Cost Kind of _Hours
Poles. Hauling.Framing. Locating. Setting. Exp. Per Pole. Soil. = Worked. Remarks,

1 $.43 $.06 $.48 $.36  $.15 $1.33 Clay & Wat. 3% 3 Mi. to job
25 ft —6 in. top Poles.

22 41 .09 44 .18  1.36 Clay & Wat. 45,7. 1§ Mi. to jcb
8 .26 .08 .33 14 .09 .90 Loam & Wat. 1 “ “
4 40 .06 56 .82 .23 1.56 .Quicksand. 12 13 « o
used bbls.
.32 .10 .43 .24 .14 1.23 CoarseGrav. 111 2 Mi. to job
5 in. top Poles.
45 .36 .08 .24 .18 11 .95 Sand & Wat. 741 2 - “
) 20 ft —238 in. top Poles
16 .24 .03 17 11 .05 .80 Sand & Wat. 19 33 ‘
22 .22 .03 .24 12 .08 .69 Sand & Wat. 31/, 3% ¢ ‘
22 25 .03 .23 .09 .06 .66 Sand & Wat. 32 3 - “
5 .41 .03 .83 .13 .17 1.87 Quicksand. 1 33" “
4 in. top Poles. used bbls.
14 .21 .02 .13 .10 .05 .51 Sand & Wat. 14 31 Mi. to job
STOMBAUGH ANCHORS.
Cost of Cost of Total No. of
No. of Cost of Cost of Placing Su; Cost Per Kind of Hours
Anchors. Tuu.mng ing. Guy. & xp Anchor.  Soil. Worked. Remarks.
$.02 s 03 $06 $02 813 Sand. g 3% Mi. to job

Table CXXXI shows the labor cost in detail of pulling in
120 pr. one-half 14-gage and one-half 16-gage toll cable. The
expense of hauling reels was large as the distance from the
freight depot averaged 3 miles, the roads were deep in clay
mud, and on account of their great weight a special team and
wagon at $7 per day was used to haul the reels. The expense
of pumping water was high on account of the vaults being
full of water. In one section of conduit, cable was pulled in
twice as the first cable had flaws in the armor. The cable
was pulled in by horsepower,

TapLe CXXXI.—~CosT oF PuLLING UNDERGROUND CABLE (MAIN).
120 Pr., $ - 14 Ga.and 4 - 16 Ga.

Cost of
No. Men Cost of No. Pulling,
No. Ft. Cost of Used in Cost of Pumping Sections Rodding and
Pulled. Pulling. Pulling. Rodding. Water. Pulled. Pumping.
18,992 $333.40 93 $90.90 $79.60 38 $503.90
Per Ft. Per Day. Per Ft. Per Ft. Per Day. Per Ft.
Average $.0175 6 1-5 $.0048 $.0042 2 8-15 $ .0265
HavuLiNnG REELS. RETURNING REELS.
No. No. Men No.Men  Total Cost
Reels Cost of Used in No. Reels Cost of Used in of
Hauled. Hauling. Hauling. Returned.  Returning. Returning. All Work.
39 $ 211.60 67 39 $65.10 23 $ 780.60
No. Men ’ No. Men
Per Reel, Per Reel, Per Reel, Per Reel.

Average $5.40 2 $1.67 23-39. $ 0411
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Table CXXXII shows in detail the total and average ma-
terial, including poles, cross-arms, wire and other equipment,
used in constructing line orders in several districts during
periods of from one month to 15 years. They also show the
total and average cost of completed line orders for the several
‘districts, and the total and average cost in all districts: As the
cost of a line order is the part of a telephone installation
on which the most guessing is done, by reason of the indefi-
njteness of material and labor required, a table of this nature
will be found to be very valuable in drawing up new rate
schedules and telephone prospectives.

On account of the greater number of lines per square mile
already installed in District No. 2, new line orders required
less poles, cross-arms, wire and other materials than in any
other district. This accounts for the comparatively small cost
of line order in this district. The increase in the cost of mate-
rial for line orders in District No. 3 for 1907 over 1906 is ac-
counted for by the increase in the amount of material used per
line order, caused by a larger percentage of line orders being
ipstalled in thinly settled sections where comparatively few
poles existed. An increase of 7 per cent. in wages taken in
connection with the greater quantity of material installed ac-
counts for the increase in labor cost. The line orders built in
District No. 4 were mostly farm lines, which, although requir-
ing a larger amount of material, cost less for material than city
lines on account of the smaller size poles and cross-arms and
cheaper kind of wires used. The labor cost is higher than fot
the city line orders on account of the greater quantity of
material installed.

The average length of drops in the different districts was as
follows: ' '

District No. 1............ PR R 201 ft.

District No. 2............ e 170 ft.
District:No. 3., 106 ft.
District No. 3.t 99 ft.

District No.‘ Beon i e 244 ft.
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Table CXXXIII compares several methods of erecting drop
wires. Method “A” is the one generally used for erecting
drops for the line orders in the city districts, on which the data
in the previous table were based. Method “E” is based on the
use of comparatively new material, the qualities of which have
not yet been proven.

The fuses used are known as No. 46 critical current 81
amperes, and are installed between the drop wire and ribber-
covered leading-in wire.

Table-CXXXIV shows the comparative cost of 15-pair ter-
minals. The wooden style has been found to be more acces-
sible in sleety weather when “trouble” is most frequent, as ice
does not form as readily on wood as metal.

TaBLe CXXXIV.—ComPARATIVE Cost 1o ErECT 15-PAIR TERMINAL, NoT
INcLupIiNG FusiNG orR PoLe BALcoNY.

No. 14
( ) No.8 Com tivg Cost
‘Wooden. iron. Can. g 55'
Pole Terminal Box................. $3.90 $4.00 $2.88 No. 8 Can. ..... $0.51
Splicing Material......... e .70 .70 .70 Wooden.....,.. .57
All Labor, including lost time........ 4.01 4.01 4.01 No. 14 Iron. ., .. .58

$8.61 $8 71 $7.59
Note.—The wooden style permits fusing in the box. This will increase thp cost if
fuses are added $0.14 per pair.

The cost of fusing for exchange protection is shown in
Table CXXXIV. The style of fuses used is known gs No.
7-F—critical current 814 amperes.

TaBLe CXXXIV.— Cost oF FusiNG FoR EXCHANGE PROTECTION.
INSTALLING FUSE AT Juuc-non or Anmr. AND UNDERGROUND.

Material. Labor.
One 50 o box in place $31.00 §1.60
One Splicing.. 1.50 3.10
One Balcony.. . 1.50
Pole Changmg ............................................ LOO
' $35.00 .70
7.70 A
Total..o. .o i e $42.70
Cost Per pPair. ... .....c.ooiiiiiiiiiinnnninnnnens 0.85
Fusesperpair...........coociiiiiiniinenninenn. 0.14

$0.09 Sdy $1.0

The miscellaneous data composing Table CXXXVI wil| be
found useful in estimating labor costs and material quantities
for conduit and vault construction.

The cost of unloading and distributing material is based on
data collected on many separate jobs. The average cost of
teams and labor was respectlvely $5.00 and $2.00 per day
of g9 hours.
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The data on the average load carried in a wheelbarrow ure
based on actual tests made on numerous jobs without either
foremen or laborers having previous knowledge that the tests
were to be made. They show the average load carried by the
average day laborer on conduit work.

The shrinkage of mortar and concrete shown in this table
is based on data secured on many conduit jobs. A certain
percentage of this shrinkage is caused by loss of material while
mixing, incident to mixing on paved streets, rough boards and
windy days.

The quantity of mortar used per 1,000 bricks is based on
building vaults of sewer brick averaging 8 x 334 x 214 ins. in
size; the wall of the vaults being two bricks thick and every
sixth course being laid as headers, the horizontal mortar
joints being 1% in. and the vertical joints 34 in. in thickness.
Some of the mortar is lost over the back of the wall, some is
lost in handling and some is used in incidental work, such as
cementing in a sewer trap, etc. Where these figures have
been used in estimating the variance in quantity of mortar
actually used was less than 2 cu. ft. per vault.

The cost of mortar is based on the use of American Port-
land cement, washed gravel and torpedo sand delivered on the
work.

TaBLE CXXXVI.— MISCELLANEOUS DATA.

CosT oF UNLOADING AND DISTRIBUTING MATERIAL.
Cement,perbag............... $.0228
Frames and Covers, each....... .38

Cost oF UNLOADING AND DISTRIBUTING TILE, PLANK AND CONCRETE PER LINBAL
roQT OF CONDUIT.

Conduit
. Cross Section. Class A. Class B.
2 $0002 0 ...
3 .0116 $.0100 -
4 .0134 .0116
[ .0180 .0160

Data ON AVERAGE LoAD CARRIED IN A WHEEL BARROW.
Capacity of Wheel barrow . .. ... ... .ottt iiiteiinaeennn s 3 Cu. Ft.
Sand, Gravel or Stone, average load to wheel barrow.................... 21 to 24 Cu. Ft.
Finished Concrete, average load to wheel barrow. ...................... 14 to

DATA ON SHRINKAGE OF MORTAR AND CONCRETE.

Shrinkage of Mortar, 3to 1.................... 33.76 Cu. Ft. = 1 Yd. '
Shrinkage of Concrete, 1-4-8.................. 40.60 Cu. Ft. = 1 Yd. {based on washed
Shrinkage of Concrete, 1-3-56.................. 38.63 Cu. Ft. = 1 Yd.\gravel concrete.

DatA ON QUANTITY AND CoST OF MORTAR POR 1,000 BrICKS.

8un.ntity of Mortar to 1,000 Bricks................... 0.90 Cu. Yds.
2 to 1 Mortar for 1,000 Bricks................... $5.81* .
Cost 3 to 1 Mortar for 1,000 Bricks................... 4.88*%
* Based on Cement $0.43% per bag, and sand $1.90 per yard,
delivered on work.
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Table CXXXVII shows the comparative labor cost of mix-
ing concrete by hand and by machine. These data were collect-
ed on conduit work where 6-duct or 8duct was installed, and
where the mixing gang worked all day. They show the cost
of mixing by several different foremen on five or six jobs each.
The data were secured without the knowledge of the foremen,
so that no attempt would be made to accomplish more than
average work. The days on which these data were taken were
selected without regard to any othér conditions than that con-
crete be mixed all day and the weather be fair. The cost of
moving mixing boards and time consumed in getting tools
when starting work is included in the cost. Supervision and
expense are not included.

The advantage of mixing by machine when the work re-
quires the mixing of more than a small quantity of concrete
is clearly shown by these data.

TABLE CXXXVIIL.—CoMPARATIVE CosT oF MIXING CONCRETE BY HAND AND
BY MACHINE.

MIXING BY MACHINE. Average
Time used Average
Proportions No. Cu.Yd. No.of No. No.of toMix1Cu. Cost
No. of to a Mixing Concrete Men Hours Mixings Yd.Concrete per Cu.Yd
Poreman Mixings. Cu. Ft. Mixed. Used. Worked. per Hour. Minutes. Concrete.

A 1,586 1-3-6 380.87 5 120 13 19 $0.385
B 960 1-3-6 230.54 6 61 26 16 0.382
C 528 1-3-6 126.80 5 27 194 13 0.260
D 1,140 1-3-6 273.77 5 79 143 17 0.353
E 1,804 1-3-6 433.23 7 75 24 10 0.289
Aver'gs 6,018  ..... 1,445.21 53 362 17 15 0.339

Rates: Engineer, $3.00 for 9 hours; Laborers, $2.00 for 9 hours.

Mixinc BY HanbD.

A 135 9-36-72  389.04 5 172 .78 27 $0.491
B 211 3-12-24  202.68 4 133 1.59 39 0.583
(o} 604 3-12-24  580.20 5 283 -2.13 29 0.542
D 161 6-24-48 °  309.31 6 <118 1.36 23 0.51.
Aver'gs 1,111  ....... 1,481.23 b 706 1.57 29 0.53

Wages of Laborers, $2.00 for 9 hours.

In Tables CXXXVIII to CXL are shown in detail the
quantities of materials required for different size vaulis and

various cross sections of conduit, as well as the labor and ma-

terial costs. The labor figures are based on the average cost of
installing over 1,500,000 duct feet of conduit and over 550
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vaults. The material figures are based on the quantities as
shown in the specifications in Chapter V on ‘“Underground
Conduit Construction Costs.” To these quantities, shown by
these tables, should be added 3 per cent. to 5 per cent. for
waste of material, depending upon the size of the job. As a
general rule the larger the job the smaller the percentage of
waste.

These tables have been used in estimating conduit work
and have been found to greatly facilitate the work, especially
when quick estimates were desired. The prices of materials
include freight, and in the case of sand and gravel include the
average cost of delivering on the job.

The comparative cost of a mile of farm line and a mile of
toll line are shown in Tables CXLI and CXLII, respect-
ively. The material quantities used in figuring these tables
are based on average quantities actually used in constructing
a mile of line as shown by records kept of many miles of both
toll and farm line. The prices of poles include the cost of
freight and labor cost of unloading and piling in pole yards.
The specifications require that poles used in toll construction
shall weigh 540 lbs. each. The labor cost is based on averages
shown in Chapter I.

Tables CXLIII and CXLIV show respectively the com-
parative cost of 1,000 ft. of underground cable and 1,000 ft. of
aerial cable, including splicing. These tables, as in the pre-
vious tables, are based on average quantities of material actu-
ally used in installing a thousand feet of cable as shown by
records kept of many miles of cable. The averages shown in
the chapters on “Cable Construction Costs” and “Cable Splic-
ing Costs” are used as basis for figuring labor. The number of
splices per 1,000 ft. is based on the average number shown
by records kept of cable installation. The labor of splicing
does not include the cost of cutting in subsidiary boxes and
cables, as they are cut in from time to time as the demands of
distribution may require, some of the cable boxes and sub-
sidiary cable not being cut in until several years after the
installation of the main cable.
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MISCELLANEOUS COSTS. 159

TaBLe CXLI.—CoMmPARATIVE Cost OF A MILE or FARM LINE oN A Basis
oF 30 POLEs To A MILE.

20-ft. Poles, 4-In. Tops, Bracket Line, 2 Wires.

80 poles @ .75 (freight paid and unloaded)....... [N PN oo $ 22,650
2 mi. No. 12 galvanized steel wire @ $4.65............cciiiviiiiennnnnnns 9.30
4 Stombaugh anchors @ .50....... et eeeeeseaeeseansenttatenrtetaresnnans 2.00
No. 4 wire for anchor guys, No. 6 wire for llghtning rods, tie wire,
joints, glass, staples, spikes, brackets............... Ceerreserateaeans 2.27
Total cost material......... ettt aee e, $ 36.07
73 T S P R 39.30
TOtal COSt . ouiiiiiitiiiii it iiiiiiiisee ittt esvonnssonasssnnns $ 75.37

20-ft. Poles, 5-in. Tops, 1 Cross-Arm, 2 Wires.

30 poles @ .95 (freight paid and unloaded)..............cccoviinnnnn. $ 28.50
2 mi. Nq. 12 galvanized steel wire @ $4.65.......................cco. 9.30
4 Stombaugh anchors @ .50.......cc0vteeeteeeerneenrneneneetonnennneanns 2.00
30 6-pin cross-arms @ .41 (COMPIEte) .. veveeerinnerrennnnneenereennnns . 12.30
No. 4 wire for anchor guys, No. 6 wire for lightning rods, tie wire,
Jjoints, glass, staples, spikes............c.iiiiiiiiiiiiiiiiiiinas 2.51
Total cost materlal ................................................ $ 54.61
D 07 P 45.80
TOtAl COSE . ovvittiiiineetnnannestonsenoeeeneeaneesnnesossonaeennennn $100.41
20-ft. Poles, 5-in. Tops, 1 Cross-Arm, 4 Wires.
30 poles @ .95 (freight paid and unloaded)...............ovivvennernns $ 28.50
4 mi. No. 12 galvanized steel wire @ $4.65...................... ... ..., 18.60
4 Stombaugh anchors @ .50..........c..0tiiiiiiiiiiiiiireeeninenneenans

30 6-pin cross-arms @ .41 (complete)
No. 4 wire for anchor guys, No. 6 wire for lightning rods, tie wire,

joints, glass, staples, spikes........ ...ttt 3.81
Total cost material............... P $ 65.21
B 07 <25 Ve 55.46
TOtAl COSt vttt ittt ittt ettt ne et eeraaaeaansaananns $120.67
25-ft. Poles, 5-in. Tops, 1 Cross-Arm, 2 Wires.
30 poles @ $1.36 (freight paid and unloaded).......................... $ 40.50
2 mi. No. 12 galvanized steel wire @ $4.65.................. ... ccovvuun 9.30
4 Stombaugh anchors @ .50............... . 2,00
30 6-pin cross-arms @ .41 (COMPIEte)....oiviereoinnreneosroecsecnarnnne 12.30
No. 4 wire for anchor guys, No, 6 wire for llghtning rods, tie wire,
Jjoints, glass, staples, spikes......... st e i e i, 2.51
Total cost material..........oiiiivieriiirireinernininiiinineiiineanes $ 66.61
B 71 T T 60.80
TOtal COSE . ovvvviinniiienenneeineoesesensoesosansaseecnsnscnsnseanns $127.41

25-ft. Poles, 5-in. Tops, 1 Cross-Arm, 4 Wires.

30 poles @ $1.35 (freight paid and unloaded)
4 mi. No. 12 galvanized steel wire @ $4.65
4 Stombaugh anchors @ .50.............

30 6-pin cross-arms @ .41 (complete).....ccovevienniniiierininnnas

No. 4 wire for anchor guys, No. 6 wire for lightning rods, tie wire,
joints, glass, staples, SPIKeS....v.iviviiierneiniiirrineinnneennernns 3.81
Total cost Material .........ccuvviieetnieeenantoesenorensacanesssene $ 77.21

B 77 Yo ) (N 70.4¢

Total COSt . ...ovviiinierenneoncosnesnansnsnns et iieeene ettt $147.67
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TABLE CXLII.—CoMPARATIVE CosT OF A MILE oF ToLL LINE ON A Basis
OF 43 PoLEs To A MILE.
30-ft. Poles, 7-in. Tops, 36-in. Butt Circum., 1 Cross-Arm, 2 Wires.

{)oles @ $6.70 (freght pa.ld and unloaded).................: ........ $288.10
0-pln Ccross-arms (com| ) ................................. . 27.96
104 bare copper wire @ $35.70.........ccviiriiiriieernennnnnennns 71.40
4 og anchor rods (7 2R - J S . 140
200’ 3~ strand for anchor guys @ .0091.......... Ceeeronoensenanneennns 1.82
.04 mi. No. 6 steel wire for head guys @ $15.42....... .. i, 2
Guy lugs, pole protectors, glass, joints, staples, No. 6 wire for light-
ning rods, tie wire...........cciiiiiiiiiiiiiiiiiiiea. T X [
'.l‘oul.l cost material. . .
Labor .......... I s v T A
Total cOSt .........coovvvvunnn. e ey $516.49
30-ft. Poles, 7-in. Tops, 36-in. Butt Circum., 1 Cross-Arm, 4 Wires.
43 poles @ $6.70 (freight d and unloaded).......cccviviiiiieiiiienaann $288.10
43 10-pin cross-arms @ .65 (complete) 27.95
4 mi. .104 bare copper. wire @ $35. 7
4 log anchor rods IR 15 O
200’ 3¢” strand for anchor iuya @
.04 mi. No. 6 steel wire for guys @ $15.42. ... .. it
Guy lugs, pole protectors, glass, Joints, staples, No. 6 wire for light-
ning rods, tle wire.........ccciiiiiiiiiiiiiiiiiiiiiiiiieniecsanaen . 6.93
Total cost material............c.iiiiiiiiiiiiiiiiiiereieiiiiineennanns $469.62
Labor ......... et e et teee ettt et eaa e et ea e e 132.00
Total COBt ..u..iiiiiiiiie ittt iiiiinriieeeesannnnnsssasaannnns $601.62

30-ft. Poles, 7-in. Tops, 36-in. Butt Circum., 1 Cross-Arm, 6 Wires.

43 poles @ $6.70 (freight paid and unloaded)
43 lo-pln cross-arms @ .65 (complete)
6 mi. .104 bare copper wire @ $35

4 log anchor rods @ .35.....c0ci0iennnn
200’ 3” strand for anchor guys @ 00
.04 mi. No. 6 steel wire for head s @ $15
Guy Iugs, pole protectors, glass, lnts, staples, No. 6 wire for llght-
ning rods, tle wire...... ..ottt i ittt ceees 9,30
Tota.l cost material .........ccciiiiiiiiitiiiiiiiitittitrincnniaas 3543 29
TOtAl COSE . vvieii it ittt itianieareeenennneseaseeanonasnossnsnns 8684.89
30-ft. Poles, 7-in. Tops, 38-In. Butt Circum., 1 Cross-Arm, 8 Wires.
43 poles @ $6.70 (frei; ht pald and unloaded) .........c.iiiiiiiiiiiiaa, .$288.10
43 10-pin cross-arms 5 (complete)..........oviiiiiiiiiiiiiiiiiiaenn
8 mi. .104 bare copper wire @ $35.70. ...ttt i
4 108 anchor Tod8 @ .35.......ccceuvuvonenccsnnnsenenscrnunnnccncesnnns
200’ 3" strand for anchor ﬁuys @ .0091 .
.04 mi. No. 6 steel wire for head guys @ $15.42................cveeinns .62
Guy lugs, pole protectors, glass, joints, staples, No. 6 wire for light-
ning rods, tle Wire....ceeeeeieeereernnieierenneniiiereieiiescrennnnes . 11.67
Total cost material.... .....$617.16
bor ......... Seeeaeanaaae N 150 50
B0 7 T T 8767.66
30-ft. Poles, 7-in. Tops, 36-in. Butt Circum., 1 Cross-Arm, 10 Wires.
43 les @ $6.70 (freight paid and unloaded).............cccovveenunnns $288.10
{)o 0-pin cross-arms 5 .65p(complete) .................................. 27.95
10 miles .104 bare copper wire @ $35.70. 0 iei it 367.00
4 log anchor rods (7 . 7 T 1.40
200" 3%” strand for anchor guys @ .0091.................... 1.82
.04 miles No. 6 steel wire for nead guys @ $15.42................. ..., .62

Guy lugs, pole protectors, glass, joints, staples, Nu. 6 wire for light-

ning rods, tle wire....c.ooovviiiiiiiiii i 13.94
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.
TABLE CXLIII.—CoMPARATIVE LABoR AND MATERIAL CosT To ERECT 1,000
FEET UNDERG’ROLND CABLE.

1,000 ft. 50 Pr.—19 Ga.
1,000’ 50 pr.—22 ga. paper insulated cable @ .30..

8 vault cable SUPPOrtsS @ .12.......c0ituiiiiuiieneenennsononneennnnnnns

Soapstone, solder, paraffine wax, muslin, candles, pasters, lead sleeves,
paper sleeves, gasoline, pasters and miscellaneous material... seee. BTB
Total cost materfal.........couiuieiiiiiiiiiiiiiiinneeeneensnonanns $306.71

Labor, including sSpHcing.........ccoiiiiiiiiiiineeieoneenenneneannnanns 42.76
Total COBt .........ovvvuuunns casesssssse S $349.47

1,000 ft. 100 Pr.—22 Ga.

1,000/ 100 pr.—22 ga. paper insulated cable @ .31.................. ... .$310.00
8 vault cable SUPPOrtS @ .12........cc0ieiiinnennncranensnoasosasonconns .96
Soapstone, solder, paraffine wax, muslin, candles, pasters, lead sleeves,
paper sleeves, gasoline, pasters and miscellaneous material........ 8.15
Total cost material...........covivuiiuiiiinieinieennaennnes P $319.11
Labor, including splicing...........ccoovviiiiiiininnians et eieesiaaee 44.94 .
TOtAl COBt . .vvvviiiiietnnnneeseasononsaossoonsnseeneeannssssesnnns $364.05

1,000 ft. 100 Pr.—19 Ga.

1,000’ 100 pr.—19 ga. paper insulated cable @ .60 $600.00
8 vault cable Bupports @ .12........... .00 itiiniiiiiiiniatrnnnnneennanas .96
Soapstone, solder, paraffine wax, muslin, candles, pasters, lead sleeves,
paper sleeves, gasoline, pasters and miscellaneous material........ 9.33
Total cost material .............ccoovuun.e. e e $610.29
Labor, including splicing..........cciiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnns 59.34
TOtal COBL ..vevverrneennnnnnn.. PR $669.63

1,000 ft. 200 Pr.—22 Ga.

1,000’ 200 pr.—22 ga. papér insulated cable @ .60........... vees 8600 00
8 vault cable SuUppPOrts @ .12...........c0uuuieruieneenrnncnnnnnnnaneenns
Soapstone, solder, paraffine wax, muslin, candles, pasters, lead sleeves,
. paper sleeves, gasoline, pasters and miscellaneous material...... 9.94
Total cost material .............iiiiiiiiiiiiiiiiieriiieerrnnnnans $610.90
Labor,- including splicing ................cciiiiiiinnnns eeseresreacanns 61.70
TOtAl COBL . .iintinneietneeeniatneanneeunnnacoeiosssesscnnnnnsnnnnes $672.60
1,000 ft. 200 Pr.—19 Ga.
1,000’ 200 pr.—19 ga. paper insulated cable @ .95.......ccc0vvuununnn.. $950 00
8 vault cable BUPPOrtS @ .12.........cuiiiiniiniererioronannernnnnenones
Soapstone, solder, paraffine wax, muslin, candles, pasters, lead sleeves,
paper sleeves, gasoline, pasters and miscellaneous materjal........ 10.63
Total cost MAterial ........................... TSR $961.59
Labor, including splicing .........ccoiiiiiiiiiiiiiiiiiiiiiiiiiieiiiinn, 69.50

Total. cost ........ cesesecssscscesscnsscannse P PN $1,031.09
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TABLE CXLIV.—CoMPARATIVE LABoR AND MATERIAL CosT To ERECT 1,000
Fr. AEriaL CABLE

1,000 ft. 25 Pr.—22 Ga.

2 cable arms (complete) @ 8l...........ccvevvevennnnns ceeeseeessed 1,62

2 % in. by 8 ft. log anchor rods @ .48.........c..c.vvviinnennnnnnnnn .96

1 25 pr. protected cable bOX.........covvvvviinireininnnnn. sesessscsss 23.00

4 anchor lugs @ .285....... cteascsecstsetceersesasssse [P veeees 114

16 pole protectors @ .031.........cccuuiiievennnnneenonconnnonsssanceens .50

600 Marlin cable hangers @ .00395........c000vieverrnenoeerennenncsons 2.37

1250 ft. 3 -in. messenger strand @ .00912. . 11.40

250 ft. No. 18 bridle wire @ .00969.................. . 2.42

1000 ft. 25 pr.—22 ga. paper insulated cable @ $10.46.................. 104.60

1 balcony Or Se8t.......cevivuietenciosocoensesasseosnnsssassassssans 1.35

25 ft. No. 6 copper ground wire @ .03.......c.cevveivinriennenennn .75
Clamps, cleats, messenger supports, side braces, ground rod, par-
affine wax, lead sleeves, solder, pasters, paper sleeves, thim-

bles, miscellaneous material ..........cco0iiiiiiiiiiiiiiean. 3.88

Total cost material ............ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaiann $153.99

Labor, Including splcing..........ccoiiiiiiiiiiiiiiiii it iiiinennennnns 48.10

Total COBt ... vttt it ittt ettt $202.09

1,000 ft. 25 Pr.—13 Ga.

2 cable arms (complete) @ .8l........coiuiiiiiiiniiiiiiiiiniaiianns $ 1.62

2 % in. by 8 ft. log anchor rods @ .48...............civiivenennnnn. .96

1 25 pr. protected cable boxX.......covvviiiiinnn... R N 23.00

4anchor IUg8 @ .285......000iieinneeeioreenenneneeeennnnnnneennanns 1.14

16 pole protectors @ .081........cccuieeerenrennrannenennnenerensnnnnns .50

600 marlin cable hangers @ .00395...................... et rerecencanse 2.37

3250 ft. 3 in. messenger strand @ .00912...............ciiviiiiunianane 11.40

250 ft. No. 18 bridle wire @ .00969...............ccovvuvvuen.. Cereeeene 2.42

1000 ft. 25 pr.—19 ga. paper insulated cable @ .18...........ccivviennns 180.00

1 balcony Or Seat ..........cccveevininnnnnnnns e .. 136

25 ft. No. 6 copper ground wire @ .03.........ccvveneenenncns ceeseans .5
Clamps, cleats, messenger supports, side braces, ground rod, par-
affilne wax, lead sleeves, solder, pasters, paper sleeves, thim-

bles, miscellaneous materfal .................... seesevasenrssne 3.99

Total cost material....... cevees ..$229.50

Ff.abor,  including splicing 48.40

Total COSt . ..eiiiiiiiiiiiii ittt tetnnnnennareanssseeeannnans $277.90

1,000 ft. 50 Pr.—22 Ga.

2 cable arms (complete) @ $.81.........ccvuiuiniiininiiiininennennns $ 162

2 8 in. by 8 ft. log anchor rods @ .48..............c..iiiiivrennnnnn .96

1 25 pr. protected cable DOX ......cuveniienreennnnnneennnnnsonennns 23.00

4anchor Iugs @ .285.........0iiiiiiiiiiiiiniiienunneneenneeannannns 1.14

16 pole protectors @ .031 .. .. .50

600 marlin cable hangers @ .00395....... ..o 237

1250 ft. 3¢ in. messenger strand @ .00912.....................0iiiann, 11.40

250 ft. No. 18 bridle wire @ .00969................ccviiiiininnnnnnnn 2.42

1000 ft. 50 pr.—22 ga. paper insul. cable @ .185...........cccvuiiinnns 186.00

1 balcony Or 8eat .......cecevvevecenens Ceereeeeiiereec it taetteanes 1.36

25 ft. No. 6 copper ground wire @ .03.........ccciivivnnnnencennns . .76
Clamps, cleats, messenger supports, side braces, ground rod, par-
affine wax, lead sleeves, solder, pasters, paper sleeves, thim-

Lles, miscellaneous material ................ue. S 4.08

Total cost material ................... PN $234.69

Labor, including splicing .............c.c0ivienne, eersiraeeaiiaaes 50.28

Total cost ......ooviiiiiiiiiiiieiiienans P $284.87
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_ 1,000 ft. 50 Pr.—19 Ga. .
2 cable arms (complete) @ $.81..........c.ieiveriiveneionennnns ...$ 162

2 % in. by 8 ft. log anchor rods @ .48................... ereaeeienan .96

1 25 pr. protected cable box..... .. 23.00

4 anchor lugs @ .285...... .. 114

16 pole protectors @ .031 ..........iiiiiiiiiiiiiiiiiiiiieeaaaanan .50

600 marlin cable hangers @ .00435............c00tverineeennnnnnnnanns 2.61

1000 ft. 50 pr.—22 ga. paper insul. gable @ .30.............c00vveunnnn 300.00

250 ft. % in. strand for anchors @ .0135...............0vviiunnnnnnn 3.3

250 ft. No. 18 ‘bridle wire @ .00969.........ccovviiiniinennnniennnns vua 2.42

1000 ft. 35 in. messenger strand @ .00912...............ccviiunnnnnnnns 11.40

1 balCcony OF 88t ........evvvenevnnnnneeueeeeeeeeeeesnnnennannennns 1.35

25 ft. No. 6 copper ground wire @ .03..........cciiiiiunnnnnnncnns . .75
Clamps, cleats, messenger supports, side braces, ground rod, par-
affine wax, lead sleeves, paper sleeves, solder, pasters, thim-
bles, miscellaneous material ..............iiiiiiiiiiiiiaae. .

: Total cost material ........... ...ttt $353.45

Labor, including Splcing ...........c.ciiiitiiiiiiiieiiiieiirrenernnnnan . 50.33

Total COSt .ottt ittt ttnieaiaeatannanananan $403.78

1,000 ft. 100 Pr.—22 Ga.

2 cable arms (complete) @ $0.81..... ittt $ 1.62

2 % in. by 8 ft. log anchor rods @ .48.........civiiiirirnennennnenn .96

1 25 pr. protected cable DOX .........coiiiiiiiiiiiinninnraneennnnnns 23.00

4 anchor IuS @ .285......ccuiiuinieinnnenrnecnennensneencoasnnnnens 1.14

16 pole protectors @ .031.........ccciuuiiiiniiiiireninnnennennannnnannn .50

600 marlin cable hangers @ .00435..............c00vivrennennn. SR 2.61

1000 ft. 3¢ in. messenger strand @ .00912.............. [ 11.40

250 ft. 3% in. strand for anchors @ .0135..............ccviiiennnnnn. 3.38

250 ft. No. 18 bridle wire @ .00969.............c.cviiiiiiiinninvennnns 2.42

1000 ft. 100 pr.—22 ga. paper insul. cable @ .31, 310.00

1 ft. balcony or seat ................. . 1.35

25 ft. No. 6 copper ground wire @ .03 .75
Clamps, cleats, messenger supports, side braces, ground rod, par-
affine wax, lead sleeves, solder, pasters, paper sleeves, thim-

bles, miscellaneous material...............cciiiiiiiiiiiina, 4.62

Total cost material ...........iiiiiiiiiiiiiiiiiii i i it $363.75

Labor, including splHCIng .........ciiiiiiiiiiiiiniennnenneennennennnn 52.50

TOtAl COSE . .iiiiiittiitiiiiie it iiitettieeaanananosaennnnonnenens $416.25

1,000 ft. 100 Pr.—19 Ga.

2 cable arms (complete)- @ .$81........cc.uniiiiirnineennnnnnnnannns $ 162

2 % in. by 8 ft. log anchor rods @ .48............. ..., .96

1 25 pr. protected cable DOX ........c.viviiiiiiiiiiiiiiiiiiiiias 23.00

4anchor IugS @ .285........uiuiuiiriirnnnnninneeeeennnenneaeneennnnns 1.14

16 pole protectors @ .031............ciiiiiiiiiiiiiiiniiiiiiiiieaann, .50

800 marlin cable hangers @ .0048.............. ..o ieriiiiiianianinns 3.84

1250 ft. % in. messenger strand @ .0135........... ... it 16.20

250 ft. No. 18 bridle wire @ .00969 2.42

1000 ft. 100 pr.—19 ga. paper insul. cable @ .60 600.00

1 balcony or seat ..........ceciiiiiiinnnnas . 13

25 ft. No. 6 copper ground wire @ .03...........coetiiiieienrnnnnns .75
Clamps, cleats, messenger supports, side bracés, ground rod, par-
affine wax, lead sleeves, solder, pasters, paper sleeves, thim-

bles, miscellaneous materfal ...........cieiiiiiiiiiiiiiiiiiie 5.28

r $657.06

Total cost material S

Labor, including splicing

TOtal COSt tivvivvrnevecasssassnrocsnsesnssessosensennsesnnasnnnesan $711.91




CHAPTER VIIL o
THE PRACTICE OF ESTIMATING,

In the previous chapters, construction cost date have been
shown covering the various branches of telephone work, the
system for figuring and keeping costs has been explained in
considerable detail, the methods for constructing the work
on which the costs were based and the form used for report-
ing the data have been shown. It remains in this chapter to

describe the practice of estimating, explaining the origin of

estimates in a large corporation, the system by which they
are made and handled and the indispensability to estimating
of cost data based on a system. Caen -

Until recent years systematic estimating was practically

unknown; and even now, estimating and guessing are almost
synonymous in a great many instances.
- The waste caused by inaccurate estimating is great. In the
case of a corporation doing its own construction, too liberal
estimates result in expensive work, as it being only required
that construction men shall keep within the estimates, they
have a tendency to lay out work with that object in view, and
they believe good results have been achieved if they succeed
—no matter how large the estimate may have been. On the
other hand, estimates which are much too small have a
tendency to cause construction men to lose interest in the
work, as they know that the overrunning of an estimate never
results in any credit to them, no matter how cheap the work
is done. Naturally construction superintendents and fore-
men are guided by the estimate, and they believe to a certain
extent that the results of their work are shown by the amount
of the debit or credit balance. In the case of a contractor it
needs little argument to show the loss caused by inaccurate
estimating. If the estimate is too large he may lose the con-
tract; if too small, he loses his profits. In the first instance
he often discourages c¢onstruction; and in the other, he can-
not long exist.

164
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In some cases the estimating is done by men whose long
experience in construction has given them a kind of intuitive
knowledge of costs, and although using no systems or rec-
ords, they are able to estimate fairly accurately; but such
methods, being, as they are, dependent upon the personnel of
the estimators—their retirement and health—sooner or later
must end in leaving the estimating in a chaotic condition.

The practice in estimating may be divided into four classes:
(1) estimating based on time; (2) estimating based on guess;
(3) estimating based on sporadic costs; (4) estimating based
on systematic average costs.

In the first class, a method of procedure is to divide the
proposed work into divisions of construction, as where the
work comprises the building of a toll line, the number and
sizes of poles, anchors, cross-arms and miles of wire are ascer-
tained, and the time required to set a pole and an anchor, erect
a cross-arm and string a mile 6f wire is used as the basis for
figuring the total time and the estimate is then made by using
the average -cost, per hour, of a line construction gang to find
the total cost.

Another method, and the one most generally used in time
estimating, is to find, by basing the figures on the number of
holes a groundman can dig in a day, the number of poles a
lineman can frame in a day and the number of cross-arms'a
lineman can erect, how many poles, cross-arms, etc., a gang
composed of a certain number of linemen, combination men,
groundmen and a team can install in a day, and use these data "
to figure the number of days required by a gang to complete
the proposed work. The estimated cost is then found by
figuring the cost of a gang for the total number of days.

The first method would require that a record of the time
expended in setting a pole, erecting a cross-arm, etc., be kept
for each gang, or tables be made showing the number of poles
that gangs composed of different number and grades of men
can set in a day or hour. In one case it is impracticable, as
the gangs fluctuate too much, and in other cases, tables of
this character are very difficult to collect and always subject
to errors, and in both cases it involves more work than the
collection of data based on cost.
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The second method does not take into consideration the
fact that both groundmen and linemen dig holes, that com-
bination men sometimes frame poles or erect cross-arms, all of
which make considerable difference in cost—if not in time.
This method might work out if all gangs were composed the
same and certain work was always done by the same grade
of men. ‘

Time data to be accurate bases for estimating would re-
quire records of linemen-hours, combination men-hours,
groundmen-hours, as well as team-hours and foremen-hours,
be kept for each kind and division of line construction, and
the lost time be separated in the same manner, as the differ-
ence between the wages of the several grades of men is con-
siderable. The collection of data on average time, based on
this system is not practical, as the composition of gangs
varies—often greatly—and the exigencies of work frequently
require that linemen do the work of groundmen or combina-
tion men do the work of linemen,

Data of this character may be collected on conduit work
where the construction is done almost entirely by men of the
same grade and receiving the same wages.

These systems are obviously better than no system, and if
all conditions such as kind of soil, distance from station and
size of job are taken into consideration, an estimate of some
value may be made, especially if a record of the time required
to accomplish the work has been collected; but too often
1o records of any kind have been kept, the records are based
on time consumed in constructing entire lines, no separation
being made of the time spent in setting poles, erecting cross-
arms or stringing wire; or the records are based on fore-
men’s work reports, and these reports are known by men ex-
perienced in construction costs to be almost valueless, as a
foreman will report, for example, that the day’s work was 50
holes excavated for 3o-ft. poles, whereas 40 holes were exca-
vated to the required depth and the balance were in various
stages of completion—perhaps not averaging 2 ft. where the
required depth is 575 ft. Even a work report of this character
is rare. Usually besides holes excavated for .poles, there are
poles framed, labor spent in hauling poles, etc., and no sep-
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aration is made of the time spent on each division. Any
record based on data of this character is worse than useless
because it is misleading.

No matter how carefully a time system may be devised, the
hours and minutes spent in preparing for work, in rehandling
materials, in lost time and in contingencies in general are
rarely included. A matter of a few minutes used on this or
that part of construction seems so small that little attention is
paid to it, but these minutes mean the expenditure on large
jobs of considerable money.

The second class of estimates is used almost exclusively

by small telephone companies and contractors, and in ‘many
cases by large companies and contractors.
" Small telephone companies doing their own work usually
advance the argument that the work is to be done no matter
what the cost, and, therefore, there is no use in spending
money or time on cost data. They do not take into consider-
ation the value the data will have when contemplating the
building of extensions, which, a company in business in a
small town where the percentage of telephones per capita
is small, or a company in business in a large town where the
percentage of plant per telephone is large, often builds
although the cost of the extension is frequently not justified
by the income or future prospects. To estimates based on
guess may be attributed the failure of some small companies
that have undertaken work which a careful estimate would
have shown to be unjustified by the size of their capital or
prospective income.

Where companies let their work by contract the lack of
cost records puts them at the mercy of contractors, besides
subjecting them to the same conditions when making exten-
sions and adopting new materials, as explained for a company
doing its own work. o

Comparatively few large telephone companies or contract-
ors are without some cost system or so-called cost system,
but many of these “systems,” if used in estimating, make the
estimate a guess.

With telephone companies most of these systems are de-
signed with the object of keeping a record of the cost for the
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auditing department, so that expenditures may be checked,
and the value and amount of the increase and displacement of
plant may be recorded and charged; and with contractors
these systems are designed for keeping records of expenditures
which the exigencies of bookkeeping require. In both cases
the records of costs are not kept with an idea to facilitate esti-
_mating or to collect systematic cost data.

While labor and material costs are generally separated,
under these systems, the labor or material costs of any par-
ticular kind of equipment cannot be ascertained, and the
character of soil and conditions under which the work was
done are not recorded.

Sometimes the records show the lumped cost of under-
ground conduit including cable and splices, and other times -
the lumped cost of a job composed of every kind of telephone
construction is shown. It is rarely that a record of the cost
of only one kind of construction such as a toll line or a run
of conduit is shown, and when shown, the only data for future
estimates which may be gleaned are the cost of a toll line
composed of a certain number of 30-ft., 35-ft. and 40-ft. poles:
10-pin and ‘terminal cross-arms; anchors, and miles of wire;
or in the case of a conduit job, the cost of a certain number
of feet of conduit including vaults, perhaps composed of dif-
ferent classes of construction, different cross sections and
several different sizes of vaults. The average cost of a mile of
toll line or a lineal foot of conduit based on such data might
be good bases for estimating a similar job; but for general
estimating, the fluctuations in size of poles, cost of setting
poles in different soils, number of miles and style of wire,
number and size of cross-arms, number of anchors and cost of
setting them in different soil, and conditions; or the fluctua-
tion in cross sections, percentage of vaults per foot of. con-
duit, size of vaults, character of soil, and conditions, make any
attempt to use such data for estimating result in a guess. '

There are, however, systems designed for taking costs
solely for use in estimating, whose use results in guess. In
this class may be put the work report systems already ex-
plained, and systems in which the attempt is made to secure
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costs .on arbitrary, infinitesimal, incomplete or insufficient
divisions.

An instance of these systems occurred on a job where the
cost of excavating per cu. yd. was kept on a run of conduit of
different cross sections, each cross section requiring a trench
of different dimensions, but no division was made of the cost
per cu. yd. of each cross section. In another instance, on a
job where wire was being strung, “costs” were kept on tying-
in, dead ending, putting on test connectors, fuses and glass,
making joints, climbing poles, pulling slack and several other
divisions, although to secure such costs is obviously imprac-
‘ticable; and, without a stop watch, a field glass and a cost
man for each workman, is impossible,

By the usual and most economical method of stringing
wire, the act of climbing a pole, putting on glass and tying-in,
slide so gradually into each other that any attempt to sep-
arate them is like trying to separate the cost of laying brick
and the cost of placing mortar in the work of bricklaying:

It may be said that the stumbling-block in devising a prac-
tical system for taking labor costs is in the tendency to make
a division of construction for each different material used.

New method of construction and new materials cannot be
adopted by telephone companies or contractors basing esti-
mates on guess, unless’it is clear that the mechanical or elec-
trical improvement will be great, without hazarding avoid-
able losses, as it is evident that the question whether the new
material costs less to install, or the new method cheapens
construction is a matter of speculation when the cost of in-
stalling the old material or the cost of the old construction
method is a matter of guess.

A contractor basing his estimates on guess is much the
same as a novice at an auction—neither knows whether he is
bidding high or low; and if he gets his bid, does not know
whether he made or lost. :

With systematic estimating, even a small, unknown con-
tractor is able to secure contracts, and contractors whose
plants are large, and consequent expense great, may in times
when money is stringent, stimulate business by close
estimates.
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In the third class of estimating may be put estimates that
are based on the cost of a single job, parts of jobs or a few
hours’ work on a job.

When based on a single, large job, if costs of the divisions
and subdivisions of construction are separated and accurately
collected, an estimate may be made that is fairly correct.

Costs on parts of jobs, whether the part is the start, the
middle or the finish of a job, are poor data on which to base
estimates, because, in construction, there is certain prelim-
inary labor expense, loss of time, and work to be done at the
start; and at the finish there is often more or less loss by
reason of a surplus of men, there is cleaning up to be done
and surplus material to be returned to yards, all of which
cannot be correctly charged to the first or last part of a job,
as the case may be, but are charges against the whole work;
and, therefore, if the cost of the middle of the job be taken,
it will be found to average much less than the average cost
of an entire job.

In line construction, for example, the poles may be hauled
at the beginning of the work, all anchors and poles may be
located at one time, holes may be dug one day and poles set
the next; or in the case of conduit construction at the start
of a job the gang may be inexperienced, test holes may be
dug, there may be mixing boards to be made, the percentage
of laborers per supervisor may be larger than at the middle;
and at the finish, the streets may be cleaned up, surplus
material carted away and numerous other things done.

Costs of a few hours’ work, whether on one or many jobs,
are very crude data for estimating, and being an abridgment
of the last explained method of taking costs, they increase its
inaccuracies. The general method of taking these costs is to
keep a record for a few minutes or for a few hours of the
amount of lineal feet or cubic yards excavated, the number of
feet of tile laid, the cubic yards of concrete mixed, and so on,
and on these data base the cost of the entire work.

The fourth class of estimates are based on costs such as.

have been shown in the previous chapters.
Showing the rates of wages and methods of construction,
based on a uniform system, small and large jobs, different
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conditions and seasons; separated for each kind, division and
subdivision of construction, each kind of soil and each size
and style of material; easily revised for changes in wages
or methods, these costs make estimating facile and accurate.

The following description of the system used by a large
telephone company gives some idea of the methods of origin-
ating, handling and making estimates that are ba:ed on
systematic average cost data when applied to construction
or reconstruction.

Exchange managers have the authority to authorize work
not to exceed a certain specified amount, usually sufficient to
string a drop and install a telephone set, or make small re-
pairs and changes. Work requiring a larger outlay but not
exceeding an amount usually sufficient to erect a short line
of poles including necessary wire, anchors, etc., or make pro-

- portionate changes and repairs is authorized by the superin-
tendent of construction. If, however, the line is for a new
subscriber, and requires more than 2 or 3 poles and 2 or 3
spans of wire, it is rarely authorized until the territory has
been canvassed for future prospects and then only if prospects
justify. The general manager has jurisdiction in cases re-
quiring an expenditure of a still greater amount not to exceed
thrce hundred dollars, except in the case of repairs such as
are sometimes required after a sleet stornmi or a fire. With
these exceptions all work is authorized by the board of
directors. :

All"estimates except those of managers are made by the
construction cost department. In the case of managers’ esti-
mates, practically no knowledge of costs is required; simply
a rough estimate is made by the manager or district foreman
and the manager orders the work done. In the case of a line
order for a new subscriber, requiring over 2 or 3 poles and
2 or 3 spans of wire, a rough estimate is first made for the
guidance of the canvassing or special agents’ department,
and if authorized by that department, it is then carefully esti-
mated and the superintendent of construction orders the line
built.

Except in the case of estimates to be submitted to the
board of directors or manager’s estimates, the district fore-
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men or managers send an estimate of the number of poles,
wire and other materials needed for the work in question.
An estimate of the labor cost of installing this material is
then made, based on average costs and taking into considera-
tion previous data secured on work in the vicinity, showing
kind of soil and conditions of work such as distance from sta-
tion, etc. In event of no data having been taken in the vicin-
ity, the information as to the kind of soil is obtained from the
district foreman or manager. The material is then added to
the estimate using prices based on latest quotations. The
forms used for these estimates are shown by Forms 47 to 52,
inclusive. An order authorizing the construction is then writ-
ten, showing the lump sums estimated for labor and for ma-

terial, and two copies are sent to an assistant superintendent

of construction who in turn sends one to the district foreman.
The original estimate is filed with the records.

While work authorized by managers, superintendent of
construction or general manager usually originates in lines
for new subscribers, “out orders,” “change orders,” repairs
and reconstruction, work authorized by the board of directors
generally has its origin in extensions, redistribution, changes
from open wire to cable or changes from aerial to under-
ground, proposed by an exchange manager, the superintend-
ent of construction, the engineer or a combination of all
three officers. . _

When the proposed plan has been submitted, in the rough,
to the general superintendent or general manager, plans on
the style of Fig. 87, showing the proposed work and specifica-

tions, are made. The construction cost department on receipt -

of the blue print plans has measurements made of the number
of feet of cable, strand, conduit or other materials, the re-
quired amount of which are not specified on the blue print;
and the kind of soil and conditions of work are ascertained.
An estimate is then made on forms similar to those shown.

If the: estimate is approved by the superintendent of con-
struction it is typewritten on a form like that shown in No. 52,
and sent to the various officials whose approval is required.
The original estimate on the forms like those shown in Nos.
47 to 51, inclusive, are retained in the construction department,
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and if the estimate is approved by the board of directors, it
is given to the material and tool clerks to order material and
tools, and an order authorizing the construction, showing the
lump amounts allowed for labor and material is then written.
This order is made in triplicate. One copy is filed with the
estimate and two copies are sent to an assistant superintend-
ent of construction who in turn forwards one copy to a
foreman. ‘

The assistant superintendent to whom the order is ad-
dressed, supervises the construction and is responsible to the
‘superintendent for the standard of the work and its comple-
tion within the estimated cost.

In event of the estimate being overrun more than 10 per
cent. the assistant superintendent must explain the cause to
the superintendent of construction and both the latter and the
general superinendent must in turn explain the cause to the
general manager. The general manager then asks the board
of directors for a further authorization to make up the deficit,
explaining the reasons for overrunning the estimate.

The expenses occasioned by the supervision of work by an
assistant superintendent, such as railroad fare, livery, board
and time, are included in the estimate as ‘“‘general super-
vision.” If the superintendent of construction inspects the
works, as is usually the case on a large job, his time and ex-
penses are also charged to the estimate under “general super-
vision.” .

The organization of the construction department for the
handling and general supervision of work is as follows:

There are three assistant superintendents of construction,
with headquarters at the main office, each being in charge of
all construction work done in a certain territorial district.

Each is responsible for the standard of the construction in
his district and each has an assistant or facility man who
usually supervises small jobs. In all districts there are fore-
men, some stationed in large towns and some “floating,” who
report to the assistant superintendent of the respective dis-
trict. There are also a few foremen under the supervision
of the first assistant superintendent, that do practically all the
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conduit construction, irrespective of district, on account of
their experience in this line of work.

The usual custom of assistant superintendents is to spend
one-half hour or one hour every week inspecting the construc-
tion in company with each foreman. The foremen also report
each day by telephone and consult with the assistant super-
intendent or his assistant on matters of construction.

The assistant superintendents and their assistants charge
their time spent in the office to general accounts, such as
maintenance and district aerial construction, and time spent
inspecting and supervising work is charged to the respective
job. ‘

General supervision is a small item in an estimate, rarely
exceeding 2 per cent. or 3 per cent. It fluctuates greatly in

amount and only very general rules may be given for estimat-
ing its cost. It is, however, a small and comparatively unim-
portant item and may be very roughly estimated without ma-
terially affecting the value of the estimate as a whole.

In estimating its cost it is necessary to take into consider-
ation the size of the job, the kind of construction and the
distance from main office to the town in which the work is to
be done. If the jobs are small and ordinary city or farm line
construction, several are usually inspected on one tour or
left for the inspection of the facility man. If railroad com-
munication is infrequent or distance from main office great, a
job is not often visited unless it is a large conduit job; these
are visited almost every day by the assistant superintendent
and every three or four days by the superintendent of con-
struction. General supervision is a part of the cost of work
which is almost entirely dependent upon the system of super-
vision and inspection of each individual company.

To explain the method used in estimating from a blueprint
plan, that shown in Fig. 87 will be taken as an example. It is
divided into several parts in order to minimize the size of the
blueprint. The parts having block lines show the proposed
line construction, and the other or center part shows the pro-
posed cable construction.

‘It will be found more facile to estimate first the part or
parts showing one class of construction.
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For the purpose of avoiding uscless repetition, an estimate
of the proposed work in the alley south of State street and
west of Hohman street, as shown on Fig. 87, will be used to
show the method of estimating the whole plan.

Starting with the part of the plan showing the proposed
line construction and assuming the measurement from the
first pole west of Hohman street to the second pole west of
Morton place to be 1,000 ft., and assuming further, that the
soil is sand, the estimate wotild be as follows:

Estimated Labor.
24,000 ft. .080 copper wire to be removed.
27 10-pin cross-arms to be removed.
1 guy and log anchor to be set in sand.
5 I5-pr. can terminals to be placed.
5 terminal poles to be wired (say 8 bridle wires to be
run on each pole).
Estimated Material.
I $%-in. x 8ft. guy rod.
40 ft. 34-in. strand.

For Guy
2 guy lugs.
. and
6 pole strand protector strips.
. Anchor.
I thimble.

2 3-bolt guy clamps.
5 15-pr. can terminals complete.

280 ft. No. 18 twisted pair bridle wire for wiring poles
(7 ft. is usually considered the average length re-
quired for each connection).

Cleats and staples.

Estimated Material to Be Removed.

27 10-pin cross-arms complete.
24,000 ft. .080 copper wire.
Estimated Original Labor.
27 10-pin cross-arms.
-24,000 ft. .080 copper wire.
- Continuing the estimate to the part of the plan showing
the cable work and assuming, as above, the distance from the
lateral pole just west of Hohman street to the pole just west
of Morton place to be 1,000 ft., the estimate would be:
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Fig. 87.—-Typical Plan of Telethone Work.
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Estimated Labor.

1,050 ft. 25-pr., 22-ga. cable including strand, to be erected.

1 straight splice (not tagged), 1—15-pr. leg into 1—
25-pr. cable with 10-pr, dead: (on the pole just west
of Morton place).

4 straight-bridge splices (tagged), each 1—is5-pr. leg
into 2—25-pr. cables.

1 straight splice (tagged), 1—25-pr. cable into 1—s50-pr.
cable (on the lateral pole).

1 change of count (tagged), 1—25-pr. leg into 1—
50-pr. cable (on the lateral pole).

Estimated Material.

1,050 ft. 25-pr. 22-ga. cable (50 ft. is allowed for splices
and sag.)

1,150 ft. 3g-in. messenger strand (125 ft. allowed for the
span between the pole on which the cable ends and
the anchored pole and 25 ft. is allowed for wrap-
ping). ‘

2 3-bolt guy clamps (for dead ending messenger).
9 34-in. messenger supports.
800 marlin cable hangers.
5 114 x 16-inch lead sleeves.
2 2 x 8inch lead sleeves.
20 Ibs. solder.
10 lbs. paraffine.
4 boxes paper sleeves.
30 pasters.
10 rolls muslin.
2 gals. gasoline.

The style of anchors, wire, messenger and other materials,
while not shown on the plans, is familiar to the estimator
through his knowledge of general specifications for city, farm
and toll line construction. '

The estimator has lists showing materials required for a log
anchor, a thousand feet of cable, a splice of each kind, etc., so’
that in making up an estimate these quantities need only be
multiplied by the total number of anchors, feet of cable,
splices, and so on.

For Splices.
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It is not always possible to tell what splices will be tagged
or not tagged, but an estimator familiar with splicing can
judge very closely.

“Estimated Material to be Removed” and “Estimated
Original Labor” are separated when estimating and entered
on a form like that shown (Form 48), and figured on the basis
of present material prices and labor costs. The object of sep-
arating these items from. the balance of the estimate is in
order to fill in the ‘“Total approximate value plant dlsplaced ”
shown on Form 52.

The present labor cost of removing materials is included in
the estimated cost of new construction on forms like Forms
47 to 5I, inclusive.

Where more than one form is used the estimated cost of
labor for all work may be shown on one form only.

When lists on the style of the above have been made, show-
ing the estimated labor and material required, it is a simple
matter to transfer the items to the forms and figure the cost
of material from a price list and the cost of labor from the
cost records.

Form 53, while not a part of estimating, is shown for the
purpose of explaining the method of keeping account of the
expenses of the construction cost department. One of these
forms is kept for each cost man employed.
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o FORM 47.

...... cov. Feet (... TOP POIeS....ivvununineneeeiinnneennnenainns
...... «... Feet ,... Top Poles..............
...... .... Feet .... Top Poles..............

«e.. Feet .... Top Poles.............

. Feet .... Top Poles...
.... Feet .... Top Poles.....
10 Pin Cross-Arms Complete
10 Pin Alley Cross-Arms COmMpPlete.........coueiueenueneeies aovciens
10 Pin Alley Cross-Arms Complete........ N
...... 10 Pin Terminal Cross-Arms Complete........cccvvueeneenees  vaceonns
...... 6 Pin Cross-Arms Complete.....cooeeveeeienenennenenenrines covnnens
...... 23-INCh BraceS ......cveevinnrerennennnenersonnenneeneannnn
...... 28-INCh BracCes ........cceveuiuerueneeerennenneaneeneeionnnns

5%X.... inches Mach. Bolts..
%X.... Inches Mach. Bolts..
%X.... inches Mach. Bolts............ccoiiiiiiiiiieenvuen
No. 2 Side Braces......eeoeevveeeneeennn.s [EETETTTTPRS
...... No. 3 Side Braces.........ccoviuiiinuneenininnnneennnen s
...... No. 4 Side Braces......cooevueenernrenieneennrnneneeanen ot
...... Par Trans, Glass......ceueieiieniineniniiienrarnianeeeanass
...... Pony_ Glass ........ ..ottt
Miles 080 Copper Wire, Bare...........coouvevvuninnnnennns
Miles No. 12 Steel Wire, Bare.............ccovvueeennnenns
Miles 080 Copper Wire, Insulated....
Miles No. 12 Steel Wire, Insulated...
080 Joints ........ceveiieniinnnn... e e
080 Half JoIntS...iueeuieeinirueennenienuenneeneeeeenennonns
No. 12 Joints

...... No. 18 Twisted Pair Bridle Wire...........cc.ooviuviennnnn
...... Test Clamps NoO. 8......coiiiiiniiiiiniiiiiiienenannannnnn
...... Feet No. 4 Steel Wire.......cooiuiiiiiiiiiiiinnininennann.
: Feet 3 Pr. Strand......coeeeeiieeiiniinrininiinennnnennns
Feet 36 Pr. Strand.....cceveeveuiieenineeeenenneaneeneoncens
No. 3 Miller Anchors......
6-inch Stombaugh Anchors..
6-inch Stombaugh Anchors............cc.cvveeinnnnn.
%-inch x 8-foot Guy Rods
..... ANChOor LUSS .......cvviiiiieneninnnnnnnnnns

...... Pcole Strand Protector Strips :
...... D0 ] « -
...... 3 BOlt GUY ClamPS. . cvteununnneerecunnnneeeeeeennnaeaseeenae aenannnn
...... Thimbles ... ... ciiiiiiiiiiiiiiiiiiiii i iiiiie i iiiiee ceeeaas
...... 4-INCh LR SCreWS..uiieeeeeonesneeeonsorueeenneeunasonsnoss sossnnaen
...... Lbs. Shingle Nalls.......ioveiuiiiiiiiiiiiiiiiiiiiiiiiiinns vivnaaen
...... Line FUBES .....iiveeenrnnessssntasannseennens tiineeeanenns cenunnns
...... Misc. Material .....cveeeeniinoenennnnieennnnnns toerennnnnes ceanenan

Total Materfal ....cooiiiiininneniiiiiiiniiiiiiiiiiiinies cevunnn

Labor, including Board and Teaming.............ooooviiiiiiiienns wevnenns
CaATfaAre ......coviieeeinninnnennnninnieeeeennns P e seetanittecsentesaeet ceesaaas
Frelght . e i e
General Supervision .......... il e i e e
Labor Removing Old Material. ... ieiiiiiiiiiiiiiiiiiniinss senennns

Grand Total ...t i i i ittt iee reeiaes
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FORM 48.
.................................... 190....
Estimated Material to be Removed at..............................00unns
Estimated
Original
Cost.
L Gauge Cable................cciiiininn. .
... Pr.oL... Gauge Cable. .. ...t i i i e e
.. Pr.o ... Gauge Cable. ...t e
...... .. Pr. ... Gauge Cable...........ciiiiiiii i
.............. Strand ...t i i et
...... 6 Pin Cross-Arms Complete. ............ccviiiiiiiiiinnnnnns
...... 10 Pin Cross-Arms Complete............cooiiiiiiiiininnennns
...... .... Feet ....
...... «... Feet ....
...... vee. Feet ...
...... Feet ....
...... Miles .... Wire..
...... Miles .... Wire..
...... Misc. Material
Total Materfal...........viiiiiiiiiiiiiinireteeeoeninnns ceaaaanas
Estimated Original Labor.
LINE GANG. .
Labor, Board and Teaming.........c.ccveineeeroeornsseecaonssancsose sosnsnes
Carfare ..... e
2 3 0 U Y
General SuUpPerviSIOn .......... ittt it ittt it aies reeeeans
SPLICERS.
Labor, Board and Teaming...........couiuuiniiiiinrnnienrecnnnanns cuneeens
Carfare ............ L I R R PR
B0 =5 74 + ¥ A S
General SUPETVISION ... .. ittt it i iiiareaee e
Grand TOtal .....vviiiiiiiiiiiiiiiinanrareenionesnsnnnns caaaos
... Estimator.
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FORM 49.

Estimate for Toll Line Construction..........cccovueeeeneacns ceesseenenes
Items. Cost.
...... vees Feet oo TOp POlES. . iiiiiiitenoeoranscnnensenanne sonnsees
...... veer Feet cove TOD POIeB...iiviiiiiiiieiinentnneennneenens anneennn
...... veee Feet cove TODP POlES..ciiiiiiinieneetniiitnenneeeennne oonnnnns
...... eeer Feet cooo TOD POlES...ooinieiien i iiiiiienenreennns oonennnn
veeess eees Feet ... TOD PoOleS......ovviiniiiiiiiiniinieenensnnne cavaenes
tieeee eee. Feet (... Top PoleS........ccoiiiiiiiiiiiiiiiiiiiinens ceinnnns
cvvees 10 Pin Cross-Arms Complete........ooiuiiiiieiiiiiiiiiinne sueeeens
PR B 78 &7 | +T- J N

23-InCh Braces .........qcceviuieeeiinnerennneeriieeonineenn
28-inch Braces .......
3x4 Inches Car. Bolts.....

%x.... inches Mach. Bolts
%x.... inches Mach. Bolts
..... . %x.... inches Mach. Bolts
...... 4-InCh Lag SCreWs........iviiiieiiuiiiineereennneeeennennnee oosnnnnn
...... Lbs. Shingle Nails.. . ....oviiiuiiiiierrnerireenerusseeansee soeneens
...... Miles 104 Copper Wire......c.uuiiiiiiiniiiiiinrenenunnniienee aobnoenns
...... Miles 080 CopPer Wire.....c.uvuuiiniiiinniirirenneianeeeees soavanes
veeees Miles No. 12 Steel Wire......ooiiiiiiiiiiiiiiiiennenianinee aeeenann
104 Joints .............c..iiiial.

104 Half Joints .
080 JoInts ........coiiiiiiiiiiiiiii i
080 Half Joints
veeess No. 12 Joints ... erecsstessnceans

veeess Lbs. 104 Tie Wire......oovvuiiiiinriiinnenennnas e ereeieee eeereaas
ceeees Lbs. 080 Tie WHIe. .. .ovtiiiiiiiiiiiiieiteiiiiinnnineees aaeeennn
cevees L8, NO. 12 THe Wil€..iivininiitiiiiiiiiiittnnteeiiininees aeeeeenn
...... A, T. & T. Glass. . ..ottt iiiiieeieeanannn

Trans. Glass Pieces
1%4x9 Trans, Pieces
3 Bolt Guy Clamps ..
%x8 Guy Rods ....
ANChOr LuUgS ......iiiiiiiiiiinetietonnneneannnneennes .

Pole Strand Protector Strips...........ccooiiiiiiiiiiiiiiiine ciuieann
...... Pole Stens ..........ccoviiiiiiiiiii.
...... No. 5 Wix Test Connectors
...... No. 6 Wix Test Connectors
ceeeer Misc. Materfal ...t i et e e

Total Material..........cooiiiiiiiiiiiiieieannn, e eieeaaas
Labor, Board and Teaming..........c.uouuuiiuuiieeeeeenninnieeeennnnne aeenunns
L 3 ¢
Freight ............ b et e e aeeaeeaee ettt et eaaee  aeeeeans
General SUPerviS!ION ..........tiiiiiiiiiiiiittieiiitei ittt e
Labor Removing Old Materi@i.....ooooieinirtiiiiiiieeeeenrnnnnesse aconnnans

Grand Total ....c.iiiiiiieninnianeenoseennsnnesessocans cennnies
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FORM 50.
testecarenrnneeoas [P £ | TN

Estimate for Cable &t...........c..coteeeiiicnenscesrasssossooncessnsonnne

Feet .... Pr. .... Gauge Cable....
Feet .... Pr. .... Gauge Catle...

Feet .... Pr. .... Gauge Cable..

Feet .... Pr. .... Gauge Cable
w.e.e. Feet .... Pr. .... Gauge Cable
weesss Feet .... Pr. .... Gauge Cable
...... veee Pr. .... Gauge Marlin Hangers..........c.coiiviitincns cesncnns
...... Pr. . Gauge Marlin Hangers..........ccocieinennnnes cevsnnns
N Pr. .... Gauge Marlin Hangers.................. eeeae
...... Feet 38 Pr. Strand.......cooiiiiiefenieeieirecscesarssccsss sesssans
...... Feet % Pr. Strand.......ccceeiiieiiiirniinrnernnrieeseaocss onvenes
...... A. T. & T. GUY ClamPB. . .oovvvirreeeeerrcnnnncosasassnssss ssasenns
...... A. T. & T. Me88 SUPPOTtS.......cciiviiiiirirnenniiaceaonse sosnnans

...... BX8 GUY ROAB ...o.vvvviiinerierereoieneeonoeossssasnossnes sosesass

Pr. Boxes .............. .

080 Joints ......

.... Thimbles

Feet Leather Cleating

BX.... Mach. BoltS.......cviiiiiiiininninerinenenensannnns

. 8X.... Mach, BoltS......citiuitiiiiniiiiiiiiiriiiiniiiinss senenons

F 3 - 1) T = ) L
...... T. No. 2 Cable AIMS...uuuuetttteeniiiniiniinioneeeeecenane sosssses
...... 1UX9 Trans., PInS.......vveiiiiiiiiiiiiieeeiiieiinnnnniss coveaees
...... 23”7 Braces ..............
..... . 28” Braces ..............
...... 1%x4” Lag Screws
..... . %x.... Car. Bolts

—_— e %x.... Car. Bolts
...... Pair Trans, GlasS.......ccoueiiiiuereinrrennireenneeesnsenns
...... Saddle Balconfes .........coviiiiiiiiiiiiiiiiiiiiiiieeeeaaan
...... No. 2 Side Braces
...... No. 3 Side Braces

No. 4 Side Braces

Feet No. 6 Copper Ground

Ground Rods ...........ccocvvnnn .

Pencil Fuses .......... et e,

Line FUSES ...iuvtiiiutiiiiittiieieennneennnneennneiennnnnns

Lbs. Marlin ......ciiiueieinennntiennnininaniieeneeenonane oo e

...... Test Clamps No. 8......c.oiiiiiiiiiiiiiiiiiiiiiiiieeeiennns :

...... Feet No. 4 Steel Wire

...... Lbs. Soapstone ...........coovevvenen.

...... Vault Cable Supports

...... Pot Head Saddles...............cc..... .

...... 20 Pr. BIOCKS ...cuvivuuueueraeistrnnssosennnsnnseseennssasans

...... Pot Head DISCS....icciuuiiiiiiiiiiiiiiiiiiiiniineeeeeeene savennns

...... Balls Lacing Wire.......ooitiiiiiiiiinenernneeeieennscnnee sonanens

...... ANChOr LUZS ..iuviiineneuoreonsuneeonasansooaesseonennsosss ssossnae

eeees Pole Strand Protector Strips..... PP e eeeeees .

- Bolt Guy Clamps

Lead Sleeves..........ccovvvivininnnsn e nedeeeeeiee e .

Lead Sleeves

Lead Sleeves..

.... Lead Sleeves..

‘21%"x.... Lead Sleeves..

2” x.,.. Lead Sleeves..

1%”x.... Lead Sleeves

17 Xoyoo Lead SIeeVeS.yysevryrrorrrrerstrresrstrttrtinirss socseens
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Lbs. 3%x% Solder........
Lbs. Triangular Solder.. ..
Lbs. PAr. WaX....uutiuitteeneeerraernneaosasasaeansonnnans
LbS. BEESWAX .....cuiiuiruuinreeenesisoeossnesnnasanennaanens
RONS Muslin ® ........iiiiiiiiiiiinnninnnnnnnnenceoconnanonns
...... BoXes TUDES ......c.cviiuiiiienenuenessssesenssnsscsnnnenns
...... Candles .......iiiiiiiiiii i ittt e
...... PaSters ....iiiiiiiiiiiiiiiiiiiiiii ittt
...... ROIS TADPE .tvvitiiiitiunininneeseeessnseseoenunaassssasssnns
...... Misc. Material ........cciiiiiiiiiiiiiiriinrnnensennnneansnns

Total Material.......oiuiiiiiiiiiiiiiiiiiieiiieinernnees crnnenns

LINE GANG.
Labor, Board and Teaming ’
L8 5 ¢ 8 e
Frefght ... i i i i ittt e
General Supervision ...........c.iceiiiiiiiiiiiiiiiittiiiicriiteaans
Labor Removing Old Materfal.........ciiiutiiiuiiiiinerressnoncse connaenn

SPLICERS.
Labor, Board and Teaming.........oviiiiiiiuunruieeeenencacsaesnnss sonnnnns
carfare ..........c0000000n N
B -3 14 ¢ P
General SUPervision ......... ...ttt it e eeeeaaan
Grand Total .....coviiiiiiiiiiiiiiiiiiieieiiiiiiiiiiieae aaaeaaes
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FORM 51.

Estimate for Condult at.............ccoiiiiiiiiiiiennnnnnsens seseseresaree

Duct Feet 2 Duct Conduft.........ooviviiiiiiiiiiiinnnna.,
Ruct Feet 3 Duct Conduit................oooiiiiiiiii..,
Duct Feet 4 Duct Conduit.
Duct Feet 6 Duct Conduit. ..
5/16-inch Dowel PInS........coiiiiiiiiiiieiinniiiiieeennnnn .
3-Inch Sewer Tilo. .. ittt iiaiiienannnene sannnnnns
...... 4-Inch Sewer Tile. ... .oiuiiiiiieiiiiiiieeieriaieienesnennese connnnen
...... 6-inch Sewer Tile......ciiiiriiiniierienennnnecreneenconnnns
...... 3-inch St. Louis Curves..........ciiiiiiiieeirirenennnnnnns
...... 4-inch St. Louls Curves.......c.covvieminiinierionneeneanns
3-inch Tile CUrveS.........ccoiiiieiennierecerrnnsneeesnnnnens
Yards Burlap 6 inches Wide.........coiiiiuieiiiiinenninnns
Lire Feet 2x8 Creosoted Plank...
Lire Feet 2x10 Crecsoted Plank..
Line Feet 2x12 Creosoted Plank................
Feet Common Lumber........c.uiviiiiiiiennnrnnnannarannns
...... Bbls. COment ......iiiiniiiiiniiniiennienneeerenannnsenesans
...... Yards NoO. .... StOne.....c.iiiiiiiiiiieiinenrenneennnennns
...... Yards NO ... StONC....iiiniitiiiiiienireiernnnneeeaennns
...... Yards No. .... Stone......coiiiiiiiiiiiiiiiiieiiiiiinnienns
Sewer brick ..:....... ... e e eeseacsaccenaseseectcsassennnn
Yards Sand ........iiiiiiiiiiiii it it
6-inch Sewer Grates.........c.ieieiiureieneinenencnnannnns
“P” Traps .o..eeeeeeenns
Vault Frames and Covers.......
Vault Small Frames and Covers
3 inch Iron Pipe in 3-feet
...... 3 inch Iron Pipe in 12-feet
21 -inch Iron Pipe in 12-feet
inch Iron Pipe in 12-feet
inch Iron Pipe in 12-feet
inch Iron Pipe in 12-feet Lengths...........ccovviiiiine vevnnnen
inch Iron Pipe in 12-feet Lengths............cciviiiven cevnnnn.
.. Reducers ..
. Reducers.

...... .... to .... Reducers
...... Pipe HOOKS ...iiviiiiiiiineeneeernneineenneeneeraneeneennns

...... Conduit Plugs .........covvvivinnnnnn.

...... Ft. Creosote Pump Log
...... Misc. Materfal ......l ittt ittt ittt e

Total Material .........coiiiiiimiiiiiiieiiiiiininneennes caneaann
Labor, Board and Teaming..........c.ooiuuiiiiieriiiiiiieennnnniases cannnnns
(078 £ % - S
0 =3 1= 1 2
General SUPEIVISION ... .iiiiiiniiiii it iiiiiet e eirarianaes  sonanans
323 o7 o -2
Labor Removing Old Material ........... .ottt ciiinnns

Grand Total ....i.oouiiiuiiiiiiieiiiiiiii it iiiieiiitte seeaaaes
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Form 52.
‘Estimate No.......coue0e
vecsessssiicssessssien.. TELEPHONE COMPANY.
Estimate for. ..o vieiiiiiiieretioneren siiinnnienenen e ‘Work.

General Manager.
Dear Sir: I request that authority be given for the .................... . construction
work within described, at an expenditure not to exceed $................

Yours respectfully,
Estimate Approved:

Engineer. Superintendent.
............ eeee...190..
To THE ExEcUuTIVE COMMITTEE:
Gentlemen: I recommend thatthesumof $..............co.o0en be appropriated for

Approved
President. ) General Manager.
P PP 190....

. .(.}'c;t.\;:'r.al.Manage'x:. )

Dear Sir: At a meeting of the Board of Directors, held this day, it was voted that
your above recommendation No............be approved, and the...c....-............. and
expensc amounting to $............ be authorized.

. Yours respectfully,

D R R feeeerean

Secretary.
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Form 52 Continued.
Estimate No

""Dear Sir: -

“*The followmg
work of

TELEPHONE
. Superintendent.
estlmate covers the proposed. .

TELEPHONE CONSTRUCTION.

OMPANY

For recapitulation see page No 4. Respectfully submitted for consideration.

Superintendent of Construction.

PLANT PLANT RENEWED|..
DISPLACEMENT OR ApDED % | &
E—_— MATERIAL 2] g
an- uan- ot R
tity | Valuet Qtity Cost 1o o &
_ 28
9 -] Q
MM g 9 xE B
SE(355 758 Slol5)-0e (2
BB |d [aB Description g = g < ]g8 |®
SR Ewl|S |Ey S|8|5123|8 %
£.|60|8, |89 2| (w958 B8
MO0 (A0 |O RN|l<m@|<|O O
— | Mt e S
.es ..|Ft. Poles.. ) |
.. .|Rt.

..|Ft. Conduit
..|Ft. Lateral
..|Vault Covers and Frames.
..|Miscellaneous Material

. |Credit actually received for ‘‘old”’ material
Total estimated cost proposed work
|Total actual cost

)
’ . |Total approximate value plant dlsplacedt
]

*In case of reconstruction, give present condition of line, including material to be taken
down—also other information pertaining to the subject.
ATransfer to be made to Mamtsenance Account.

From Aerial of .. Dlwded Material, $
Cable (U.G.) of.. .$.. .. $..
Conduit (U.G.) ofuevennn. [ “ “ [ T erees
%‘EStlm&ted original cost.
oTe: This estimate should be accompamed by a diagram or map indicating the location

and nature of the work to be done.
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Form 52 Continued.

Superintendent.
The work described in the for

te was completed op......ocouennnent 190..

material was used and expense incurred as shown in itemized sta%ment on opposite pnge
For recapitulation of measurements, etc., see page 4.

General Manager

Supt. of Construction.

The above report on work finished by the Construction Department is respectfully

submitted.
........................ 190...
Superintendent
Auditor.
Noted and respectfully forwarded for your attention and files.
........................ 190...
General Manager,
I certify that the record of........ construction herein contained has been entered upon

the books and maps of this office. The work has been done properly, and the character and
quantity of material used in completion of work is as stated.

I certify that there has been reported to me on this ESTIMATE, as per Pay-Rolls a,:id

Vouchers on file, an EXPENDITURE of....
Anda CREDIT of.c....coovnviiiiiiennl,

which has been distributed as follows:

ACCOUNTS: Dr.

.......................... L
.......................... L

.
AccouNTS:

Plant displaced by this work has been covered by the following entry:

ACCOUNTS: Dr.
........................ L
........................ S
........................ |
........................ S
REMARKS: ... oot itiiiinrnreneroineuenerasnsns
[TTTIS PR ceet neenas 190...

........................ [ P
ACCOUNTS: Ca,
e S .
........................ [
........................ [ T

........................ [ N
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Form 52 Continued.
Estimate No

RECAPITULATION OF MEASUREMENTS, ETC.
PoLE LINB

Reconstruction

Estimated

Actual

No. Miles
Average size of poles ..
Av. No. pm arms per hole!...
Miles No..

M:les No..

Miles No....
Miles No....

anmated $
AERIAL CABLE‘

No. of
Conductors

Size of
Conductors
(B. & S.Ga.)

Estimated ..........cooooiiiiiiiiiiiii e e,
Actually erected
Estimated ...............cooi e
Actually erected
Estimated
Actually erected
Estimated

Estimated, §
Covm T

Actually
Installed

Style of conduit............... teeeeeen e e, e .
No. of feet of trench....... et et teeraan P
No. of duct feet
No. of Manholes

Estimated, $
UNDERGROUND CABLE

I

No. of Feet No. of

Conductors

Estimated .
Actually pulled i in. .
Estimated
Actually pulledin. c..coovvvviiiiin i, .
Estimated.
Actually pulled in
Estimat
Actually pulledin............. eee e .
Estimated.
Actually pulled in.
Estimated vessne
%ctually pulled in.
stis
Actually pulled in
Estimat
Actually pulled in

| Size of
. Conductous
(B Ga.)
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APPENDIX A.

COST OF MATERIALS AND LABOR IN CONSTRUCT-
ING TELEPHONE LINE.

By J. C. Slippy.

The following data on the cost of the different classes of
telephone comnstruction work have been compiled from the
actual records of a large company, covering a period of five
- years. While the figures may seem unreasonably high when
compared with figures usually presented, it should be re-
membered that they include all the expenses in connection
with the construction work, so that the average costs given
should hold for the entire plant construction. The percent-
ages given as cost of freight, supervision, teaming, travel
and board have in all cases been derived from the actual ex-
penditures for these items.

MESSENGER AND CABLE CONSTRUCTION.

The average wages paid for messenger strand work, aerial
and underground cable work, and terminal and cable-box
work were as follows:

Foreman, strand and cable work, per 9 hrs............ $3.00
Linemen, strand and cable work, per g hrs............. 2.70
Groundmen, strand and cable work, per 9 hrs........... 1.75
Teams, strand and cable work, per 9 hrs............. 3.50
Cable splicers, cable splicing, per 8 hrs............... 3.75
Cable helpers, cable splicing, per 8 hrs................ 2.50

Messenger Construction.—The examples of messenger con-
struction given below each represent 1,000 ft. of 16,500-1b.
strand in place, including cost of suspending cable but not
the cost of cable.

190
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Examgple |.—For 400-pair, 22-gage and 200-pair, 19-gage cable.
Materials:

1,100 ft. messenger strand $.0229.
10 messenger clamps @ 0578
10 14 in. crossarm bolts @
20 square washers @ $.0086....

8 3-bolt clamps @ §. 107 .......
850 19 in. marlin clips @ $7.93 per

6% frelght, incidentals, etc .70
or: .
1,100 ft. messenger placed @ §$. 0 ................................... $ 5.50
10 messenger clamps placed 07 eeeiiieneeenneenncannesoanns .70
850 19 in. marlin cllps glaced @ 8 0075 ..ovvviiiinininrnnnncnnanns 6.375
1,000 ft. cable hung @ $.015....... ... iiiiiriiiiiiiiiiimiiinnnnns 15.00
1 bond placed @ $1 1.25
Testing .........coovivivnnnn
gplicln ‘....i. 1124
upervision team ng, ; travel and board, 12% =
Cost of 1, 000 & 2% % 2%
General expense 10% ..... Seesceesessssarsestensassssonsotenaras
Total cost of 1,000. feet..........ooviirirniiiineinnnniinnneennnns 92.798
Cost of one mile ....... . 489.98
Cost of one foot......covvuunnnn. seeecssssssssascesssrasennsns oo 0.0928

Exampie 1l.—For 200-pair, 22-gage, and 100 and 150-pair, 19-gage

cable.

Materials:

1,100 ft. messenger strand $.0229. ... ...ttt iiees S 265.190
10 messenger clamps @ $.0078............ccviivnnnneiniennnnns . 578
10 14 in. crossarm bolts $0.466........... ittt .456
20 square washers @ 86.. ..................................... 172

8 3-bolt guy clamps @ E 20 .856

850 16 in. marlin clips @ $7. 14 Per M. .. iiiiiiiiirenennnnssasonnns 6.069

6% flze‘ight incidentals, etc. 1.666
or:

1,100 ft. messenger placed @ $.00
10 messenger clamps placed @

850 16 in. marlin clips placed @ .
1,000 ft. cable hung 8 015. etereeneaan

1bond placed @ $1.26........c0000uenn .
B A8 ) PN
gpllcln i 10% . t ine i85 trave ¥ dboa,rd 'éb%' .. .4.2%. 1:4"335

upervision, eaming, ; travel an = .

COSt Of 1,000 £EO. .. .evuuruunnnnnnnsenesreseunsnennossoseeeenes 83.657
General expense 10% ............... e irieereeanaes Ceeieeenan 8.366

Total cost of 1,000 feet..........
Total cost of one mile..
Total cost of one foot..

0.09202

Example 1li.—For 100-pair, 22-gage, and 50 and 25-pair, 19-gage cable

aterial:

1,100 ft. messenger strand 0.0229. . .0 iiiiiii i .$ 26.190
10 14 in. crossarm bolts 00456 ....... eeeeeiecee ittt .456
10 messenger clamps @ $0.0578.........cccvviiiiiiniiiiiniinaaaes
20 square washers @ 300 86 .....................................

8 3-bolt guy clamps @ $0.107.........c00itieiiieennnnnneennnn ..
560 14 in. marlin clips @ $6.67 per M
6% trelght incidentals, etc. ........cciiiviinninicnnnaes
1100 ft. messenger placed @ $0.005 .....
10 messenger clamps placed @ $0.97
550 14 in. marlin hangers glaced @ $0.0075

1,000 ft. cable hung @ $0.015................

1 bond placed @ $1.25................... ..
B =Y 1
Splicin, e oo o e e e an s aseesa e s ecesseiesenseosesvstesseaneesase
Supervision, 10%; teaming, 12%: travel and board, 20% = 42%.
Cost Of 1,000 feet ..........ccoviinrnnimienernniineraaranaiancnn
General expense 10%......... Sesetceratessecessrseressstases

Total cost of 1,000 feet $ 82.971
Total cost of one mile.. 438.082
Total cost of one foot........oovvvveenineenans sevses ssesssases 0.08297
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Example IV.—For 25 and 50-pair, 22-gage cable.

Materials
1,100 ft. messenger strand @ $0.0229................c00uiennnnn veee.$ 25.190
10 messenger clamps @ $0.0578...............cciiiiiiiinennnnnnnns .578
10 14 in. crossarm bolts @ $0.0456.............cc0iiiininnnnnnnens .456
20 square washers @ $0.0086..... . 172
8 8-bolt guy clamps @ $0.107 . .856
560 11 in. marlin clips @ $5.93 per M . 8.261
5% freight, incidentals, etc. ........ic.ciiiuieiinneinneennnnns 1.526
Labor:
1,100 ft. messenger strand placed @ $0.005.............c0vvueeennt. $ 5.50
10 messenger clamps placed @ $0.07..........cciiiiinnenennnnsnn .70
550 11 in. marlin clips placed @ $0.0075...........ccovvennerennnns 4.125
1,000 ft. cable hung @ $0.015........c0ouiiiieunennnnnnnneonnnaconnns 15.00
1bond placed @ $1.25....ccuuuneiinniniiinnennnennnneeennnannnan 1.25
Testing ...... cerenee P eseveceentcensesrassontsriasseseresasotene 1.06
BPHCINg ..ot i i ettt 1.48
Supervision, 10%; teaming, 129%,; travel and board, 20% = 42%. 12.228
€Cost Of 1,000 fE€t ..ouuuiiiineninneennaeeneeeisnenenasneannes 73.382
General expense 10% ........c.oiuiiiiiiriiniiiiiiiiiianiaiianas 7.338
Total cost of 1,600 feet..... S isecesetatsseseetatecasscstosaann $ 80.720
Total cost of one mile...........coiiiiiiiiiiiiiiniinnnnnnns . 426.096
Total cost Of ONe fOOt.......ovvutiiiuieinnnernnenennnanonasans 0.08072

Aerial Cable Construction.—The following figures for
aerial cable construction give for each size cable the cost of
original construction and the junk value of materials, and
by subtracting the second from the first the total and yearly
depreciation for the assumed period of life. The selling price
as junk allowed is $0.056 per pound.

Example 1.—No. 22 B. & S. gage cable.
First Cost:

Cost Per Ft.
Price for Mess. Wire Total First Cost.
Size. F. O. B. and Erec. Per Foot. Per Mile.
b1 o3 $0.1°34 $0.0807 $0.1941 $1,025.00
50-Pro...ciiiiiinnnnn. 1722 .0807 .2629 1,335.00
100-Pre..ieennennnennns .28665 .0830 .3696 1,951.00
200-Pr...coiiiiiinin.. .5544 .0920 .6464 3,413.00
300-pPr....cviiiiinnen.. .7413 .0928 .8341 4.404.0C
400-pPr....oiiiiiiiiie, 92715 .0928 1.0199 5,386.00
Junk Value:
Weight

Per Ft. Junk Value at Deduct for  Net Junk

Size. Lbs. $0.056 Per Lb. Taking Down. Value.
15T ¢ 80.9.5 $0.0532 $0.025 $0.0282
BO-Prieeeeeeeineinnnnnncnens L0784 .025 .0534
100-Priieveeennnnnnnnsneennn 2 20 1232 .025 .0982
200-Prieeeereeeseenncannnnnns 4.15 .2324 .025 .2074
300-Prec.cececcnnes N 5.15 .2884 .05 .2634
400-Pr..ceeeeerreacinnnneeans 6.25 .3500 .025 .3250

Depreciation:

25-pr. 50-pr. 100-pr. 200-pr. 300-pr. 400-pr.
First cost ......... $0.1941 $0.2529 $0.3696 £0.6464 $0.8341 $1.0199

Net junk value..... .0282 .0534 .0982 L2074 .2634 325
Deprecfation ...... $0.1659 $0.1995 $0.2714 $0.4390 $0.5707 $0.6949
*Dep. per year..... .0138 .0166 .0226 .0365 0475 .0579

*Based upon a life of 12 years.
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Exampie 1l.—No. 19 B. & S. gage cable:

First Cost:
Cost Per Ft.
Price for Mess. Wire Total First Cost.
Size. F. O. B. and Erec. Per Foot. Per Mile.
220 1) $0.15645 $0.08297 $0.2394 ,264.00
50-Pr...ccviiiinnnnnns 28775 08297 .3507 1,852.00
100-Pr. . .vviievinnnnn .5208 .09202 .6128 3,236.00
150-pr....ccvivivninennns 872 .09202 .764 4,034.00
200-pr..........oiinn .83685 .0928 9297 4,909.00
300-pr........cooinunnn 1.1456 .0928 1.2384 8,539.00
Junk Value
Weight g
Per Ft. Junk Value at Deduct for  Net Junk
. Lbs. - $0. 058 Per Lb. Taklng Down. Value.
P13 o .. 1.30 0728 $0.0478
. 117 .0 .0926
1904 .025 .1654
2408 .025 2158
3220 .025 2970
. 3864 .025 3614
Depreoiation
25-pr. 50-pr. 100-pr. 150-pr. 200-pr, 800-pr.
First cost ...... ... $0.2394 $0.3507 $0.6128 $0.7640 $0.9297 $1.2384
Net junk value.... .0478 .0926 .1654 .2158 .2970 .3614
Depreciation ...... $0.1916 $0.2581 $0.4474 $0.5482 $0.6327 $0.8770
*Dep. per year.... .0159 .0215 .0372 .0456 .0527 .073

*Based upon a life of 12 years.

. Example 111.—No. 16 B. & S. gage cable:
First Cost:

Cost Per Ft. '
Price . for Mess. Wire Total First Cost.
Size. F. O. B. and Erec. Per Foot. Per Mile.
T35 1] N $0.32025 $0.09202 $0.41227 $2,177.00
B50-Pr.ce.eeieiininnnnns 54705 ) .0928 .63985 3,378.00
Junk Value
Weight )
Per Ft. Junk Value at Deduct for Net Junk
Size. Lbs. $0.056 Per Lb. Takin%' Down. Value.
S 3 2.1 $0.1176 $0.025 $0.0926
BO-Pr...eiiiiiiiiaiiiiiees 4.1 .2296 .025 .2046
Depreciation: .
25-pr. 50-pr,
First cost ................. . $0.63985
Net junk value cee. L0926 .2046
Depreciation ...ttt . $0.43525
*Depreciaticn per vear.............iiiiiiiiiiiiiaan, .0266 .08625 -
*Based upon a life of 12 years.
Example 1V.—13/16 B. & S. gage composite cable:
First Cost:
Cost Per F't.
Price for Mess. Wire Total First Cost.
Size. F.O. B. and Erec. Per Foot. Per Mile.
P13 < $0.312 $0.0920 $0.404 - $2,133.00
BO-DTeernerreeannennnnn .590 -0928 .6828 3,605.00
Junk Value
Per Ft. Junk Value at Deduct for  Net Junk
Size. Lbs. $0.056 Per Lb. Taking Down. Value.
B S N 3.0 $0.168 $0.025 $0.143
BO-Prestenreeennnioiniannnns 4.8 .2688 .025 .2438
Depreciation
26-pr. 50-pr.
FUPSt COSt o ovivieeitiit e iiieiiiiinneerceenennnans $0.404 $0.6828
Net junk value . ...t .143 .2438
Depreciation .........cooieiiiiiiiiiiiiiiiiiiiiiiiiiiees $0.261 $0.4390
sDepreciation Per Year ..............ccocieiiiaiienens .0213 .0365

*Based upon a life of 12 years. ’
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Underground Cable Construction.—The figures for under-
ground cable construction are similar in character and pur-
pose to those for aerial cable construction.

Example 1.—No. 22 B. & 8. gage cable:

rst Cost: Price Cost Per Foot Total First Cost.

F. O. B. for Installation. Per Foot. Per Mile.
.$0.28665 $0.0339 $0.3205 $1,698. 00
5644 .0406 .5950 8,142.00
.04839 .78969 4 170. 00

.06699 98414 196.00
.07103 1.31503 0,943.00
Junk Value at Deduct for Net Junk

$0.0566 Per Lb. Removal. Value.

$0.1232 $0.03 . $0.0932
2824 .03 .2024
.2884 .03 .2684
.360 .03 .3200
3 4760 .03 .4460
Depreciation: 100-pr.  200-pr. 300-pr. 400-pr.  600-pr.
First cost ........... . 80 32055 $0.5950 $0.78969 $0 98414 $1.315
Net junk value 320 .2024 .25840 .32000 .446
Depreciation .............. $0.22735 $0.3926 $0.53129 $0.66414 $0.869
*Depreciation per year...... .01136 .0196 .02656 .0332 .04345

*Based upon a life of 20 years.

Exam Flp“ Il.—Underground Cable, No. 19 B. & S. gage cable:
t: Price Cost Per Foot Total First Cost.

F. O. B. for Installation. Per Foot. Per Mile.
80.5208 $0.03408 $0. 55488 8-.930 00
872 .03642 70842 3,740.00
.83685 .04147 .87832 4,638.00
1.1456 .04986 1.19536 6,312.00

Weight

Pe' Ft. Junk Value at  Deduct for Net Junk

J.bs. $0.056 Per Lb. Removal. Value.
eeeeeietaeiae, 3.4 $0.1904 $0.03 $0.1604
............. 4.3 .2408 03 .2108
........ 5.75 .3220 .03 .2920
800-Pr. . c.iir i 6.9 .3864 .03 .3564
Depreciation: 100-pr., 150-pr. 200-pr. 300-pr.
First cost ................... $0.556484 $0.70842 80 57832 $1.19536
Net junk value ........... ... 1604 .2108 2920 .36640
Deprecfation ...........cccoun 30 39444 $0.49762 80 58!18 $0.83896
*Depreciation per year ...... .01972 .02438 316 .041946

*Based upon a life of 20 years.

Example 111.—No. 16 B. & S. gage cable:
First Cost: Price Cost Per Foot Total First Cost.

for Installation. Per Foot. Per Mile.

$0.32025 $0.033 $0.36325 - $1,865.00

.54706 .03408 .58113 3,008.00

.. .8358 .04147 87727 632.00
. 1.14765 .04896 1.19661 6,318 00

Junk Value: Weight
Junk Value at Deduct for Net Junk

$0.056 Per Lb. Removal. Value.
$0.1176 $0.03 $0.076
.2296 03 .1996
.. .. 6. .3416 . .3116
160-pr. . .4256 .03 .3966
Depreclation: 25-pr. 50-pr. 00-;1) 150- gb
First cost ........ deterneeaans $0.35325 $0.58113 30 8 727 31 l 661
Net junk value weveeeiiiiiiil .0876 .1996
ti reeneieianeeaas $0.26565 $0.38153 $0.56567 $0.801
Pﬁﬁ;ﬁﬁ?m?gn per year ...... .01328 .019076 .02828 .04006

*Based upon a life of 20 years.
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Example IV.—Composite 13/16 B. & S. gage cable:
First Cost:

Price Cost Per Foot Total First Cost.
F. O. B. for Installation. Per Foot. Per Mile.
..................... $0.312 - $0.03642 $0.34842 $1,840.00
..................... .590 .04147 .63147 3,334.00
..................... 1.162 .04986 1.21186 6,399.00
Weight
Per Ft. Junk Valueat Deduct for Net Junk
Lbs. $0.056 Per Lb. Removal. Value.
...................... 3.0 $0.168 $0.03 $0.138
P .1 .2688 .03 .2388
. 7.6 .4256 .03 .3956
Depreciation: ’
25-pr. 50-pr. 125-pr.
First cost ............ seecassssannsasnn $0.34842 $0.63147 $1.21186
Net junk value .....cooeeeeveneeennes .138 .2388 .3956
Depreciation . ............... PN $0.2104 $0.39267 $0.81626
*Depreciation per year................ .010562 .01963 .040813

*Based upon a life of 20 years.

Cable Splicing Underground.—The following eleven ex-
. amples of the cost of underground cable splicing comprise
both ordinary and high capacity cables and give costs of both
labor and materials.

Example 1.—25 pair, 22 gage cable:

Materials:

13% 1bs. wiping metal @ $.21.. ... iiiiiiiiiiiiiittititiiee ceeaas $ .316
1% 1b. paraffine @ $.0636.................cccuun.. eeeeeeeeie e, .032
50 paper sleeves @ $.02 per pr..... et ieeceenecttteatneettaaentans .01
1 1%x16 in. lead BleeVe...cooiiierriiiiiiniireiiiiiiieeiannnnnnes 22

109, freight, incidentals, etc........ceivvuriiiiiiiiinieniinnnnns .058

$ .635

Labor:

Splicing .............. Ceeeae seeecesseceteeieesebetetaataaanonann $ 1.05

TeStInNg ... iiiiiiiiiireerenrnres tonsanntcrnnesetetensennnnan .70

10% supervision, etC........ccevieinrriinieniirnnncrineonennnnns 176

° . $ 1.925

Cost Of SPlCE....oviitiiineiernenneernsseonssencsoneasasasnnnas $ 2.660

General expense, 109 ........cceeriiiieieererrenecteeranaennaann .256

Total cost of SplHCe.........coiiiiiiiiiiiiiiienenniiennnnennnn $ 2.816
Average cost per foot of cable; based upon splice every 325 ft.$ .00866
Average cosSt per pafr..........oi ittt it $ .1126

Example 11.—50 pair, 22 gage cable
. Materials: .

2. 1bs. wipin melnl @ 782 PN $ .42

% lbs. paratine @ $.0636................00iriiriiininnnnnnnn e .048

100 paper sleeves @ $.02 per 100.........itiiiiiiiiiiiiaieiaaann .02
12x16 In. lead Ble@Ve........ccoviiiiieniirniniiinernninnnenananas .352

' 109% freight, incidentals, etc............ooviiiiiiiiiiiiiieian, .084

$ 924
Labor:

SPHCINE ..ttt e i e et e $ 1.48
B eBtIN g .. iiiiitiiiiieeeeeosersneesesoracocnasssnnssocanananns 1.06
10% Supervision, etc........cveviiiiiiiii.. ettt 254
. . $ 2.794
Co8t Of SPHCe.....iiiiiiitiiiiiitetetneneaenaetteenneasenaaannnn $ 3.718
General expense, 10%..........~ /4t eeee ittt e e, .372

Total cost of spHce........coouviiiiiiiiiiieneenneeeninnonnnnes $4

.09
Average cost per foot of cable, sed upon splice every 325 ft.$§ .01258
cAverage COSt Per Pair........ciiiiiiiiiinenrennenenienenennnnns $ .0818
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Example 111.—100 pair, 22-gage cable.

Materials:
3 lbs. wiping metal- @ $.21................... .63
1 1b. parafine @ $.0636..................... .064
200 paper sleeves @ $.02 per 100 .04
1 215x16 in. lead sleeve..............c.couunn.. 432
10% freight, incidentals, etc.........c.cviiviiirininnneinnn ounnn .116
$ 1.2826
Labor:
£33 42§ 103 3 - $ 2.29
Testing ... it e 1.39
10% supervision, etc.........c.. . ittt .368
$ 4.048
Cost Oof SpHCe......oiviiiiiiiineennnenennnnnnnn e, 5.331
General expense, 10%........c.c.uiiiiiiinninnieeiariieaneecnnns .633
Total cost of SpHCe. ... ..ottt iiiiieenannn $ 5.864
Average cost per foot of cable; based upon srlice every 325 ft.$ .018
Average coSt per palr........ ...l i i i e i $ .0586
Example 1V.—200-pair, 22-gage cable,
Materials:
31 lbs. wiping metal @ 2.21............ccivvennen cesescnee sevececns $ .735
1% 1bs. paraffine @ $.0636..............c00uiiiiiiiiiiiiinnennnnnnnn .0954
400 paper sleeves @ $.02 per 100 . .08
1 3x18 in. lead sleeve.......... . oo 465
109, freight, incidentals, etc........... tecsserassascicsnesaarnee 1375
$ 1.5129
Labor:
Splicing
Testing
10% super\ sion,
$ 6.00
Cost Of SplCe.....oiiiiiiniiiiiiiiitiiiiiiirterronnneeeneennnnns $ 7.513
General expense, 10%.......cieiiineieiireeereennnanenennnnnnnn 751
Total cost of Splice.......c.cviiiiiiiiiiiiiiiiinninennnnnnnnn. $ 8.264
Average cost per foot of cable; based upon splice every 323 ft.$ .0254
Average cost per palr......... ... il i $ .04132
Example V.—300-pair, 22-gage cable.
Materials:
3% 1bs. wiping metal @ $.21..........cciiiiiiiiiiiiiiieinrnnnnnnnnn $ .7356
1% lbs. parafine @ $.0636.............000iiiuiriiiiiiiennrnnnnnnnn, .0954
600 paper sleeves @ $.02 per 100....... ettt et ettt et e, 12
1 3%x22 dn. lead SleeVe.........coiviiiiiiiiiniiinneeninninnannnnns .72
10% freight, incidentals, etc......... ..., .167
$ 1.837
Labor:
13 03§ 13§ ¢S $ 4.70
B 0= T 0 NP 2.76
10% Supervision ...ttt i i i e it .75
8.20
Cost of splice..........oo0nuevnnnnnns Ceeeeeenecenecesanieananan 10.04
General expense, 10%............ e e reeesseerantenenaanteeanas 1.00
Total cost Of SplCe.......o.viiiviurenncesneansncessonsncananss $11

04
Average cost per foot of cable; based upon splice every 325 ft. s -03398
Average cOSt Per pair..........c.oiiiiiiiiiiiiiiiiiiiiiiiieaaan .036
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Example VI.—400-pair, 22-gage.
Materials:
1bs. wiping metal @ $.21....... ... . .ottt $ .84
Ibs. parafine @ $.0636.............. ...ttt B b
paper sleeves @ $.02 per 100 .16
4x22 in. lead sleeve.......... .. 102
10% freight, incidentals, ete........ooiviiiiiiiiiiiiiiiieinenne, 215
$ 2.363
Labor:
Splicing
Testing -
109% supervision, .952
$10.472
Cost Of SplcCe. .. ... ittt i e $12.834
General expense, 10%..........c.ciitiiiiiiiiiintriineeniieeanns 1.283
Totol cost Of SPHCe......covt thiiiiiiienerennnenennneennnsennns $14.117
Average cost per foot of cable; hased upon splice every 325 ft.$§ .04343
Average COSt Per PRIT........c..iuiiiiiiiienerrenneneenenaenanns $ .03529
Example VIlI.—600-pair, 22-gage cable.
Materials:
lbs, wiping metal @ $.21...........ciiiiiiiinnrennenriiiannnnns $ .945
lbs. paraffine @ $.0636..............ciiiiiiiiiiriiiiiinieannnnn .159
paper sleeves @ $.02 per 100..........ccuuiiiierrninnnanenannns .24
4%x22 in. lead Sleeve.........coiiiiiiiiiiiiitiii ittt 1.125
109, freight, incidentals, etC............coiiviiirnrrnrnnnnennnnns .2469
$ 2.716
Laber: : .
153 03 3 13 ¥ 1 ¥~ $ 8.50
B =Y 12 £ P 4.85
109 SUPErvision, efC.......oiuuuuuinirniiieeiiiiniuninennnecanns . 1.34
$14.69
CosSt Of SPHCE.....iiiiiiiii ittt tiiitiietrenaeninaannss $17.406
General expense, 107 .......cvuiiiiiiiiiirneiiiieierrniiieeanns 1.741
Total CoSt Of SPHCE.....oitirnninriiieieenenenneennenneennnnns $19.147
Average cost per foot of cable; based upon splice every 325 ft.$ .0589
Average coOSt Per palr...........iiiiiiiiiiitiiiteniennanannonns $ .0319
Example VHL.—100-pair, 19-gage, High Capacity cable.
Materials:
Ibs. wiping metal @ $.21.. .. F . cevee.. 8 .63
Ib. paraffine @ $.0636.......... ..o .064
paper sleeves @ $.02 per 100........ciiuiniiinrnnrinnennnaanan .04
3X16 in. lead SleevVe........viiiiiiriineriiieriiiatiaieatientaeenan .485
109% freight, incidentals, etc............ciiiiiiiiiiiiiiiiinnnnns 1219
$ 1.341
Labor .
1503 5 T 1 < $2.29
B ST PPN 1.39
10% Supervision, etC...........oeiiiiiiiiiiiiiiiiiiiii i, .368
4.048
Cost Of SPHCE. ... itiriiieneninenseennerensennnersnensnennnas 5.389
General expense, 10%.......ccuiveeiieenieiiernnenninrnneennsns .539
Total cost Of SPHCE......coviuiriiiiiiiiniiinereeeennennneeanass $

5.928
Average cost per foot of cable; based upon splice every 325 ft.§ .01824
Average cost per pair..............on. [ $ .05928
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Example I1X.—150-pair, 19-gage, High Capacity cable.
Materials:
lbs: wiping metal @ $.21.......... .. iiiiiiiiiiinninnnnennnnns $ .63
Ib. parafine @ $.0636............c0uviniiiieennnnnninnnnnnanans .064
gaper sleeves @ $.02 per 100.........c0iiiuniiueennnnrnnannnanns .06
8 in. lead sleeve...........c.ciiviiiiiiiiiiiiiinan Teeenen ~.. .485
10% freight, incidentals, etc........... ecsdecerasessescessssesane _.124
$ 1.363
Labor:
Splicing  ........000el cecetoscassanse ceseecsecesrnstertaertsann $ 2.75
Testing ......covviiiiiennnninnnnennas eesesescssssrsectcesrsesee 1.60
10% supervision, etc.........cccvvivennn Ceeeiesecreateneennneas .44
Cost of splice.........
Generai expense,
Total cos8t Of SPHCE......coviiiierinunreeoenancensssessoensnns $ 6.765
Average cost per foot of cable; based upon splice of every
215 JD 4 $ .0208
Average cOSt Per Ppalr............cciiiiiirirrianercrncrsnncnais $ .0451
Example X.—200-pair, 19-gage, High Capacity cable.
Materials:
lbs. wiping metal @ $.21. . $ .735
bs. paraffine @ $.0636..... .. ~0954
gaper sleeves @ $.02 per 10 . .08
%x18 in. lead sleeve...... .72
109% freight, incidentals, etc. .163
$ 1.793
Labor: .
SPHCINE i ittt ittt i ittt eteeieeeaans $ 3.36
B 4 2.09
10% supervision, etC......... ...ttt it it .65
’
$ 6.00
Cost of splice.........c.oovvunn. Y $ 7.793
General expensSe, 107 ........cvitiiiiiinernonceanaenneanns e 779
Total cost of splice................... e

Avegt;ge“cost per foot of cable; based upon splice of every

Average cost per pair..

Example XI.—300-pair, 19 gage, High Capacity cable.
Materials:

1bs. wiping metal @ §.
1bs. parafiine @ $.0636
4x22 in. lead 8leeve.......... ... ittt .
paper sleeves @ $.02 per 100.........iiieriiennennnernnennnnennn .12
10% freight, incidentals, etC..........viiiiiiiiniiiiiennnennnnn 211
$ 2.318
Labor: i
SPHCINE .. iiiiiiiiiiiitititreetetitrittattettttta e aeaneeaans $ 4.70
B T8 0 2.76
10% supervision. -3 .75
$ 8.20
CoSt Of SPHCe. .. ovviiiiiiitiiiiiitietiineasaneneenncsennonnns $10.518
General expense, 10%... .. 1.052
Total coSt Of SPHCE.......c...iiiriitriieeneeanessoeeennennnnns $11.57
Average cost per foot of cable; based upon splice of every
326 ft. .....ieeiiiiinnnn e eeteneceieateibaeeii e eneaaan $ .0366
Average cost per pafr....... ...ttt ittt $ .0385
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Terminals.—Four examples of cost oi terminals, including
both materials and labor, are given: '

{!

bk b

0o

b et ot

o

Itk ek

et

Example 1.—Cost of 10-pair Terminal in Plage.

Materials:
14 A, terminal with 7 ft. D. C. cable.............cooinvinnnnnnn $ 3.03
lbs. wipin metal @ 32 .42
bs. paraffine 6. . .0477
2x20 in. lead sleeve ........... .3525
10% freight, incidentals, .385
Labor:
14 A. terminal placed.........c.ciiiieiiiiiiiiiiiiiiiiniinnnenes $ .50
10-pair tap from 50-pair cable..... eeeteesetecanaaracesoneeanns 2.16
10-pair tap tested.................. seesceasssnsesessssasesosins .36
10% supervision, etC.........civiiiiiiiiiniiiiiitiiiiiiiiieiienns .302
A0 - ) $ 7.557
General expense, 10 ........c.ceiiuiiiiiintiiieciiiaciianaaens .756
B ) T T $ 8.313
Average cost per 47 5 0 $ .8313
Example 1l.—Cost of 11l-pair Terminal in Place.
Materials:
14-B Terminal with 7 ft. D. C. cable..........cooviiviniennnns $ 3.12
1bs. wiping metal @ $.21...........ciiiiiiiiiiiiiiiiiiiiernaaan 42
1bs. paraffine @ &0636 .......................................... .0477
2x20 in. 1ead SleeVe. ... .i.uiuiituiiiiinecttitieniiaiatiraaatoanns 3525
10% freiﬂt incidentals L Y oo .394
bor:
14-B. Terminal, PIACEd........ccoviiiinnnnrnnnrnnnneeeeeeenen. $ .50
11-pair tap from 50-pair cable........oiiiiiiiiiiiiiiiiiiienans 2.16
11-pair tap tested.................... .
109% supervision, etc..
Total .............

General expense 10%.

Total cost .............
Average cost per pair

Example I1l.—Cost of 16- pair Termiral in Place,

Materials;:
14-C. Terminal with 7 ft. D. C. Cable............ P $ 3.788
1bs. wiping metal @ $.21....... ... .. . i it it .42
Ibs. paraffine @ $.0636.......... ...ttt L0477
2x20 in. lead SleeVe....... ...ttt i it .3525
10% !’relﬂtb mcldentals, = .4608
14-C. Termlnal placed. ... ...oiiiiiiiiii i i e i $ .60
15-pair tap from 50-pair cable...........coiiiiiiiiiiiiniiiieann, 2.25
15-palr tested ......coouiiiiiiiiiiiii i i it it ittt .50
10% supervision, etC..........c.iiiiiiiiiiiiiiiii it .335
B 0 $ 8.754
General expense, 10%....c.veeeiiriieitneiierctitenacacecncnnans $ .87%
Total COSt ..ivveiiiniennerneeennereneeearecessasncesnnsennnenns $ 9.€29
Average cosSt Per palr.........cciiiiiiiiiiiiiiieiiieeeteinannn $ .642
Example IV.—Cost of 26-pair Terminal in Place.
Materials:
14-D. Terminal with 7 ft D C.cable.......covvivneenenenanens $ 5.526
1bs, wiping metal ? ...................................... 2
1bs. paraffine Y 0477
2%x20 in. lead sleeve ........................................... .4325
10% freight, lncldentals, 3 € .6426
Labor:
14-D. Terminal placed. ... ...t i it et $ .75
25-pair tap from 50-pair cable.............iiiiiiiiiiiiiinen, 3.62
25-pair tap tested.......... ... it it i .70
109% supervision, etC...........ciiiiiiiiiiiiiiiiiiiiiiiiiiiea .497
b T 7 N $12.536
General expense, 10%............ccuvnnn ereeteeeie e 1.254
TOtAl COBL . vvviveeenennnnnnneeeooneennnnesenaseeeesaananannnees $13.79



200 TELEPIHONE CONSTRUCTION.

Cable Boxes.—Five examples of cost of cable boxes are
given including both materials and labor costs.

Example |.—Cost of 23-pair Cable Box in Place.

Materials:

1 25-pair cable box, unequipped..........c..coiviireiieieenainnens $ 4.175

2 10-pair 7-A fuse plates, plain @ $2.33...............coviiiinnnn 4.66

1 5-pair 7-A fuse plate, plain @ $1.061..............c.ccovvuvunnn 1.061
50 7-A fuses @ $6.30 Per 100.......c.cvererenrnnrneneenenenenennn

2 Ibs. insulating compound @ $.075 .

150 ft. No. 20 pothead wire @ $.01198
1% lbs wiping metal @ $.21............oviuinirennrerennennenneennnn
12X20 In. 1€8A BlEEVEe. . .uuuuenrreneneeneenrnnreneanenneaneennan

1 POIE BEAL . ..iiitiitt i e

2 16x4% In. lag screws @ $.0093..............c.ciiiiiiineineannnn

10% freight, incidentals, etc..............ccoiuiiueninnnnennnnnn
Labor:

1 25-pair cable bcX, placed..........ooitiineinneenrnnnnnnnnnnennns S 1.0
50 wires soldered on terminals @ $.01..............ccvvuuivunnnns =6
50 wirss numbered on terminals @ $.02. 1.56

1 25-pair pothead made............. .. 320

1 25-pair cable tested...........coviiieiineiinireeniieeinnnennnas .70

1 pole Seat Placed..........cuueiruteenninnennninereeerennannnnnns B

10% sSupervision, etC.........c.iiiiiiiiiiieennerenerennncnanannnas 765
07 ) $27.86
Genera!l exXpense, 10%). ......uiiuiiiiinreniertranaeierentaanarans $ 2.76
Total COBt ...ttt it e e $30.62
Average COSL PEr PaAIT.......ciiiuiiiiiniiiiiiiiinneeeeeennannnns $ 1.224
For copper back No. 7-A fuse plate with lightning arrest-
Ors add .. ...t i i e i e $ 4.037
Example 11.—Cost of 50-pair Cable Box in .Place.
Materials: ) .

1 50-pair cable bex unequipped..............cc..iiiiiiiiiinenn.. $ 5.04
‘4 10-pair 7-A fuse plates, plain, @ $2.33....................o...n 932

2 5-pair 7-A fuse plates, plain, @ $1.061......................... 2.122
100 7-A fuses, @ $6.30 Per 100.........c.oiuurunnrreeeennninnnannnnas 6.3)

3 1bs. insulating compound, @ $.075..........coiveriernernnnnnnnn 225
300 ft. No. 20 pothead wire, @ $.01198.............c.vvviiuerennnnnn 3.594

2 1bs. wiping metal, @ $.21...........c.. ittt .42

1 2%x20 in. lead sleeve........ et et e .4325

1pole seat .........ooovvvnuvnnn. .. 200

2 1,x4% in. lag screws, @ $.0093.. .. 0186

10% freight, incidentals, etc.............. ...t 2.947
Labor:

1 50-pair cable boX placed.......c.ovviiiiiinrerenenrnnaneannennns $ 1.00
100 wires soldered on terminals @ $.01.............cc0iiinuiennns 1.00
100 wires numbered on terminals @ $.03..............0ciiiiinnnnn 3.00

1 60-pair pothead made..........c.coviiuiiiiiiiiiiiiiieeeennnnnnns 4.83

1 50-pair cable tested..........coviiiiiiiiiiiiiiiiiiiii i 1.06

1 pole seat placed.........coviiiiiiiiiiiiniiiieiiiiiiirnnennnns 5

10% supervision, etC.........ciiiiiiiiiiii ittt ittt 1.166

B ) $45.245
General expense, 10%p........oiiiiiiiiniitrininrtcnaraaanan 4.524
TOtAl COSt v vuvunrsreeunnnineeeetrunaneessonesnneneeansesnnons $49.769
Average COSt Per PaAl........c..iiiiiitiiieninreernninneeennns $ .99

For copper back No. 7-A fuse rlaté with lightning arrest-
03 T V' U N s 7.41
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Example 111.—Cost of 100-pair Cable Box in Place.

Materials:
100-pair cable box, unequipped...............coiiiiiieennnnnnnn $ 5.98
10-pair 7-A fuse plates, plain, @$2.33............ccoiiiirnnnnn. 18.64
6-pair 7-A fuse plates, plain, @ $1.061......................... 4.244
T-A fuses, @ $6.30 per 100..........000vvivurnennnenn.nn. PR 12.60
1bs. insulating compound, @ $.076....................ciiunn... .30
ft. No. 20 pothead wire, @ $.01198..............coiiiirrunrnnnnn 7.188
1bs. wiping metal, @ $.21....... et aree et it et .63
31.x24 in. lead sleeve...... seeressssassssseasanssssreacarsasssns 72
0] LT T 1 2.00
%x41% in. lag screws, @ $.0093............co0iiiiiiiiiinnninnnn .0186
10% freight, incidentals, etC.........covvuuneeriennnnnennnnnnnns 5.23
Labor:

100-pair cable boX placed........coviviiernnnneerenennnnnnnannns $ 1.50
wires soldered on terminals @ $.01..............ccvvvvvnnnnnnn 2.00
wires numbered on terminals @ $.03...............c0iiiiinns 6.00
100-pair pothead made
100-pair cable tested........ .e
pole seat placed............. NE
10% supervision, etc........ P 1.964

Total ....... PP $79.154
General expense, 10%...........coiiiiiiiiiiiininiaiaieririiieens 7.915
TOtAl COSBt . .iiveiiiiiininnneereneeeiniiiniinennneecaereeenannns $87.069
Average cost per palr.............iiiiiiiiiiiiiii it $ .8707
For copper back No. 7-A fuse plates with lightning arrest-

[0 o - Y $16.50

Example IV.—Cost of 150-pair Cable Box in Place.

Materials:
150-pair cable box unequipped............... PR R TR RO $ .22
10-pair 7-A fuse plates, plain, @ $2.33............ ... 34.95
7-A fuses @ $6.30 per 1. ... .ot iuuuiinetiiinneennnneennnnenns 18.90
1bs. insulating compound @ $.075............cciiiiiiiuiinnnnns 375
ft. of No. 20 pothead wire @ $.01198...........c..cvuiruenenen. 10.782
1bs. wiping metal @ $.21....... ... iiniiiiiiniinanrnrannnnnnns .84
4x21 In. lead SleeVe........ciiiiniiiiiiiiiiii i 1.02
o Te) LT T X P 2.00
%x4% in. lag screws @ $.0093.......... ...t .0186
10% freight, incidentals, etC.........coviiiirnneniiinnnannn. 7.61
Labor:

150-pair cable box placed...........coiiiiiiiiiiniiiiiieieeranns $ 1.5¢
wires soldered on terminals @ $.01...................cciiunann 5.09
wires numbered on terminals @ $.03.................. ... ... 9.00
160-pair pothead made.............cciviiiiiiiiniinnieieinnnnns 9.00
150-pair cable tested........c.ooiiiiiiiiiiiiiiiiriiiiiniiiias 1.60
pole Seat placed......ivviveriiiiiiinernerreriieeatoanesoaniannn .75
10% supervision, €tC.......cccvviiiiiniiiiiereiiiiiiiiieeaaas s 2,485

Total....... cosecs PP $111.05
General exXpense, 107 ...........c.covitiiiiniiiiiieeeneiniacnonns 11.10
L 07 8 e Y- 1 $122.15
Average cost per pair......... ..ot $ .814

For copper back No. 7-A fuse plates with lightning ar-
restors, add ............ Y $ 23.51
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Example V.—Cost of 200-pair Cable Box in Place.
1 200-pai Ma%)elﬂa{o
-pair cable X unequipped.........ciiiiiiiiiiiiiiiiiaa.. 10. 665
20 10-pair 7-A fuse ‘})lates, plain, @$2.33................... ... ' 46.6

400 7-A fuses @ $6.30 per 100..........c.0iiiiiinnnernnnnnnnnnnnnns 25.20
6 1bs. lnsulatlng compound $.076. . ....cvvinnnnn.. e .45
1200 ft No. 20 pothead wire . ettt eeeeeeaaee, .. 14.376
4x24 in. lead sleeve.. 1.02
5 1bs. wiping nietal @ t 21 1.05
1pole seat .............. 2.00
2 Y%x43% in. lag screws @ $.0093. .0186
1 relﬂ:lt)b incidentals, etc........... Gecesccscasssssesnsennns 10.138
1 200-pair cable box placed.......coiiiiiiiiiiiii it $ 17
1 pole seat placed.........c.coviiiiiiiiiiiiiineeiiriiiiniieiaananes .16
400 wires soldered to terminals @ $.01...........ccvvuvvenniinnens 4.00
400 wires numbered to termirals @ $.03 2.00
1 200-pair pothead made 10.25
1 200-pair cable tested.. 2.09
10% supervision, etc.. . 3.084
B 07 $145.441
General expense, 10%....... e teeesenasanassneoseeeaasiinnnnens 14.54
Total CO8t ......eevvvivneeeenccoccnnnes PP $159.98
Average cost per BT, « oo e $  .7999

For copper back, No. 7-A fuse plates with lightning ar-
TeStors, BAd .....cccirccciiiiinnriiiiiteitntaaeatioanaanes $ 31.35

Pole Line Construction.

The organization of the gang and the wages paid per pole

line construction were as follows:

. Item. Per g-hr. day.
I foreman, at $3...........ciiiiiiiiiiiiii i $ 3.00
3 linemen, at $2.75....... AP - %1
2 groundmen, at $1.75........ e e .... 3.50
I team, at $3.50... ... ittt ey 3.50

Total ...ttt ... 51825

In the costs following the items of “hauling” and+“teaming’
will be noted. The hauling of poles covers the expense of
removing them from freight station to pole yard, and the item
of teaming covers the expense of transporting them from the
yard to the work. The item of 715 per cent. for travel, board
and incidentals covers the expense of the entire force while
employed in travel from one exchange to another. Men

were not allowed expenses when located in town.

The divisions of pole line construction are pole erection and
wire stringing. Pole erection is subdivided into Exchange
Poles, Toll Line Poles, Farmer Line Poles, Guy Poles,

Anchors, Cross Arms, etc.

Exchange Poles, Class A.—Class A pole line is designed
to carry an ultimate load of 6 cables and 60 toll and trunk
wires on cross arms. Spans in straight sections are approxi-

mately 100 ft. in length.
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Example |.—Cost of One Mile 45-ft. Chestnut Pole Line. ’

Materials: Per Pole. Per Mile.
- 52 46-ft. 7% in. top poles, including freight............. $ 17.68 $394.16
1,040 iron steps @ $.02367...........c00ciiiuernriciinnnnns 473 24.62
'260 wood steps @ $.009081............000000innnnnn e .045 2.36
Carbolineum Avenarfus ...............ceeevvennnennns .06 3.12
+ Spikes, 5-20, 5-60......... .0 iiiiiniiiiiiiiiiiieiaaaen .035 1.82
Paint, 1 qt. for 10 ft., @ $.17.........c.ccvvueennennn .68 35.36
200 ft. 6-M guy wire @ $.0086............00000ivneieannn 1.72
8 guy clamps @ $.0958...........c..0iiiiiiiiiinnn 7
4 anchor logs @ $1.60..........cc00iinuuunnnnnns essceee 6.00
4 anchor rods @ $.225..........c000iiuvieinancnnncnnns . .90
109% freight, incidentals, etc............c.... eteseveces .887 47.08
Labor:
Unloading ......coiviiiiiiiiiniiiirencnsecnnnns ceenees $ .40 $20.80
Shaving ...viitiiiiiiriieiiisenesssnsanssancanscasans .65 33.80
Cutting one gain........ciiiiiiiiiiiiiiiiiiiiernnnnans .10 5.20
Cutting roof ...........oiiiiiiieiinnennnncnaacnnns . .10 5.20
Boring holes on ground ' .02 1.04
Driving iron steps @ $.0i25...............c.0cvuinns .25 13.00
Placing wood steps @ $.015...........cviiiiiiiinnnnnn .075 3.90
Placing carbolineum ............ccciviiiiiiinnnnnnnns .27 14.04
DIgging holes .......coiiiiiiriiieirinenniineenneeanns .60 31.20
Ralsing poles ......ciiiiiiiiiiiinireniennnnennnnnnans 1.10 57.20
- ¢4 ¥ o D PP .32 16.64
Banking poles .......c.cuiiiiiiiiiiiiiiiiiiereiiannens .05 2.60
Hauling poles ..........cccvcvinnnenn. .40 20.80
Painting poles @ $.0125 per foot.... .50 26.00
4 anchor holes dug, earth, @ $3.00 '12.00
4 anchor holes tamped earth, @ 1 6.00
4 guys placed @ $1.01 4.00
upervision, %

Teaming, 15 ‘7 ........ =30% 1.461 82.03

- Travel and btoard, 7%%.

07 $16.046 $873.36
General expense, 10% 1.606 87.34
Grand total ........ $17.651 $960.70

Example 11.—Cost of One Mile, 40-ft. Chestnut Pcle Line.

Materials: Per Pole. Per Mile.

52 40-ft. 7% in. top poles, including freight...... ...$ 6.58 $342.16
832 iron steps @ $.02367..................... . .379 19.69
260 wood steps @ 8009081 045 2.36
Carbolineum Avenarius .060 3.12
Spikes, 5-20, 5-€0.......... .035 1.82
Paint, 1 qt. for 10 ft.,, @ $. .595 30.94
200 ft. 6-M guy wire @ $.0086.......... 1.72
8 guy clamps @ $.0958.............c000uu.nn a7
4 anchor logs @ $1.50...........ccuiiiiiirrnnnnnnnnnnnn 6.00
4 anchor rods @ $.225.......c..00iiiininnnnnnnnnnnnnnnnns .90
10% frelﬂl; lncidentals. -2 .769 40.95
Unloading ....oviiiiiiiiiiiiiiiiiietetenieceseonannnns $ .35 18.20
Shaving ....o.iiiiiiiiiiiiiiiiiiiiiiiiit i e .56 28.60
Cutting one gain............cciiiiiiiiiiiiiiiinn.. .10 5.20
Cutting roof ..........coiviiiiiinernnnnnnecansnnnnnnns .10 5.20
Boring holes on ground........cooovviieennnnnieanenns .02 1.04
Driving fron steps @ $.0125..........0000ivivvnnnnnn. .20 10.40
Placing wood steps @ $.015.......c000iiininnnnnnnnnns .075 3.90
Placlng ca.rbolineum ................................. .27 ~14.04
¥ing holes ... .iiiiiiiiiiiiiiiiiieiiieinniinnanes .60 31.20

ing 40 = PP .63 32.76
Tamping ......oiiiiiiiiiiiiiiiiiiiiiiiiiiercaasians .22 11.44
Banking poles ............ Nt iteiiiiiiereta e .05 2.60
Hauling poles .........cciiiiiiiiiiineneisnecennnanens .30 15.60
Painting poles @ $.0125 per ft.........covvvueneeeennn .438 22.75

4 anchor holes dug, earth, @ $3.00................c0.... 12.00
4 anchor holes tamped, ea.rth @ $1.60............00ntnn P 6.00
4 guys placed @ $1.00..........ccuuiuriinnenneernnnananns 4.00
upervision, 7%% ....ceviiiiiiiiiinieninn,
Teaming, 15% ....oovvvieeieinnereneeennnnns =30% 1171 67.48
Travel, board and incidentals, T%%.......... )

Total ..ttt i, $ 13.54 $742.84

General expense, 10%..........ccooueeiiuniinneennnnenns 1.36 74.28

Grand total ........coeiiiiiiiiiiiiiiiieneaanns vee$ 14,89 $817.12
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676

260 wood steps @ 8.009081.

200 ft. 6-M guy wire @ S 0086
8 @ $.09

4 anchor logs @ $1. 50
4 anchor rods @ 3.225

52 36 ft. 7% in. top po_l{es. including freight

TELEPHONE CONSTRUCTION.

Example 111.—Cost of One Mile, 35-ft. Chestnut Pole Line.

Materials: Per Pole. Per Mile.

.$ 5.07
iron steps @ $ . .308
Carbolineum Avenarius

Spikes, 5-20, 5-60.........
Paint, 1 qt. for 10 ft.. @ $

guy clamps

$283.64
16.00

$617.13
61.71

$678.84

Per Pole. Per Mile.

10% freight, incidentals, etc.....
: Labor:
Unloading $ .30
Shaving ..... .50
Cutting one gai .10
Cutting roof .. .10
Boring holes on groun .02
Driving iron steps @ $.012 .163
Placing wood steps @ $.015. . .075
Placing carbolineum ....... . .27
Digging holes ............ .60
Raising poles ..........ciiiiiiinniinnennnnnnanns .47
TaAMPINE . ittt ieee et iee et .18
Banking poles ............cc.iiiiiiiiiiiiiiii i .05
Haullng poles ..........c.ciiiiiienininencnneennnonnnnas .25
Painting poles @ $.0125 per ft...................cooutn 375
4 anchor holes dug. earth, @ $3.00...................... ..
4 anchor holes tamped, earth, @ $1.50................... .
4 guys placed @ 00. . ittt ittt .
upervision, 7%% ...........cciiiiiiiiiiinnn. ]
Teaming, 15% .....cvuiiiiiieninenienanannnans Fr=30% 1.04
Travel, board and incidentals, 7%%......... \
Total ....covninnniiniiiiiiiiiia
General expense, :
Grand total
Example IV.—Cost of One Mile, 30-ft. Chestnut Polc Line.
Materials:
52 30-ft. 714 in top goles. including freight............... $ 3.65
468 iron steps @ $.02367 . ........c.vvviieernerrnnsnnanncanns 213
260 wood steps @ 8009081 .................................. .045
Carbolineum Avenarius ... .060
Soikes, 5-20, 5-60 ........... .. iiiiiiiiiiiiiii e, .035
Paint, 1 qt. for 10 ft. @ $.17.......cueveenrunereennnnn 4256
200 ft. 6-M guy wire @ $.0086..............c0vviiiiinnnn.nn
8 Zuy clamps @ $.0958........cciitierrnnrnnnereaaarnaanas
4 anchor logs @ $1.50............c0uiiiiiinrennnnnnnnnnn
4 anchor rods @ $£.225
10% freight, incidentals, etc .443
Labor:
Unloading ...ttt ittt ittt .25
Shaving ... e .35
Cutting one gain .. .. .. . .10
Cutting roof .......... .10
Boring holes on ground. .02
<Driving iron steps @ $.012 113
Placing wood steps @ $.01 .075
Placing carbolineum . .27
Digging holes ...... . .60
Raising poles . .35
Tamping .. .15
Banking poles .06
Hauling poles .20
Painting poles @ $.0125 per ft...........coviiviininnn. .313
4 anchor holes dug, earth @ $3.00.................c......
4 anchor holes tamped, earth @ $1.50...............cu..
4 guys placed @ $1.00......... .. .cviriiiiiiiietenninnns
Supervision, T%%........ccvviiiiiiinnneeennns ]
Teaming, 15%........coviiiiiiierieiiniinnnn. > o= 30% 882
Travel, board and incidentals, Y% e \
B 0017 S $ 8.694
General expense, 10%........couevireiiiinniiiennnnaees .86
Grand total ..........iiiiiiiiiiiiiiii e $ 9.563

$189.80
11.08
236
312

$540.08
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Exchange Poles, Class B.—Class B pole line is designed
to carry an ultimate load of 4 cables and 40 bare toll and
trunk wires on cross arms, or an ultimate of 6 cables, if no
bare wire is employed. Spans in straight sections are ap-
proximately 110 ft. in length. Iour examples of cost are giv-
en, one each for 25-ft., 30-ft., 35-ft. and 4o-ft. poles. It will be
noted that the costs are for chestnut poles, painted and “pre-
served” by Carbolineum Avenarius, and include all materials
for poles in place ready for wire stringing. Traveling ex-
penses, board of men and incidental expenses are also in-
cluded.

Example 1.—Cost of One Mile, 40-ft. Chestnut Pole Line.
Per Pole. Per Mil~.

Materfals:
48 40-ft. 7 in. top poles, including freight................ $ 6.58 $315.84
768 iron steps @ $.02367 ..........iiiiiiiiiiiieieaiiiea., .379 18.18
240 wood steps @ $.009081 .......... ...ttt .045 2.16
Carbolineum Avenarius ................cciiiiiiiiii... 057 2.74
Spikes, 5-20, 5-60 ........iiiiiiiiiiii i .035 1.63
Paint, 1 qt. for 10 feet @ $.17.........ccivrrrvennnnnnn. .695 28.56
200 ft. 6-M guy wire @ $.0086..............cciuiiinininnnn 1.72
8 guy clamps @ $.0958..........ccotiiiiiiiiiiiiiiiaaann i
4 anchor rods @ $.225 .90
4 anchor logs @ $1.50 6.00
10% freight, incidentals, etc...... e .769 37.86,
Labor:

Unloading ......coiiiiiiiiiiniiiiiiieieiiiinaannneenns .35 16.80
Shaving ..o i e e .55 26.40
Cutting one galn ...ttt .10 4.80
Cutting roofs .........coiiiiiiiiiiiiiiii i i .10 4.80
Boring holes on ground .............coiieeninnennennnn .02 .96
Driving iron steps @ $.0125.............c.c0vvuvennnnn. .20 9.60
Placing wood steps @ $.015...........ccuvvrenrnennanin 075 3.60
Placing carbolineum ........... ...ttt .27 12.96
Digging holes ........ ... ..ot .60 28.80
Raising poles .......cooiiiiiiiiiiiiiiiiiieeiinennannnns .63 30.24
B0 % 0 0 03 B - PN .22 10.56
Banking poles .......oiiiiiiiiiiiiiiiiii ittt .05 2.40
Haullng poles .........civiiiiriiieinninnennernnnnennnns .30 14.40
Painting poles @ $.0125 per ft............ e .438 21.00
4 anchor holes dug, earth @ $3.00...............c0cvun.t. 12.00
4 anchor holes tamped, earth, @ $1.50................... 6.00
4 guys placed @ $1.00........... e eearee ettt 4.00

Supervision, 7%%....... cesesesesnne esieaes
Teaming, 15%......c00eiiiiiiieeninnnnnnnnnns 2 = 30% 1171 62.80

Travel, board and incidentals, 7%%.........
b 70T AR $ 13.54 $688.53
General expense, 10% ....cceevieiiiriniiiieiieiianaaaans 1.85 68.85

Grand total ...... teeeeaesennratateee et $ 14.89 $757.3%
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Example 1l.—Cost of One Mile, 35-ft. Chestnut Pole Line.
Materfals: Per Pole. Per Mile.
48 35-ft. 7 in. top polos. including freight : 5.07 $243.36
624 iron steps @ $.02367 ..o .308 14.77
40 wood steps @ $.009081............cciiiirniiniiiiinnaaans .045 2.16
Carbolineum Avenarius 057 2.74
Spikes, 5-20, 5-60 ........... .035 1.68
Paint, 1 qt. for 10-ft. @ $.1 .51 24.48
200 ft. 6-M guy wlre @ 3.0 1.72
4 guy clamps 8 .................................... 7
4 anchor logs 81 5 ..................................... . 6.00
4anchor rods @ $.225..........cc00ciiiiininnnnncnncacnnns cen .90
10% freight, lncldentals. T PPN .603 29.86
Labor:
Unloading ................. tevesecccssescecesasnsen .30 14.40
Shaving ...coiviiiireeieriiieriieerereiieaseeeraneanasanns .50 24.00
Cutting one gain ...........cc00ivinnnn e .. .10 4.80
Cutting roof ................ .. .10 4.80
Boring holes on ground...... .96
Driving iron steps @ $.0125. 163 7.80
Placing wood steps @ 075 3.60
Placlng carbolineum ...... .. .27 12.96
ﬁglng holes ..... .. .60 28.80
sing poles .. Ceeeieees .47 22.56
TAMPING . ..iveeeinreenonreeeersneseneasarasscsasansanns .18 8.64
Banking ..... eeesessecsotstneesnasostssascscctsannnasane .05 2.40
Hauling 10 =3 T .25 12.00
Painting poles @ 80125 per foot ....................... .375 18.00
4 anchor holes dug, earth @ $3.00...............c00veutnn 12.00
4 anchor holes tamped earth @ 81 -3 6.00
4 guys placed @ $1.00...........ciiiiiiierrnriiaananens 4.00
upervision, T%%......cceevieeienerecaneens
Teaming, 15%.....ccvveeireeeneneneanranaanns = 30% 1.04 56.32
Travel, board and incidentals, T%%.........
Total ... .tiiieiirerisenrnnennecnncsansens esescescns $ 11.12 $572.48
General expense, 10%............c.cc0vune vaaean Rty 1.11 67.26
Grand total ......oeieiiiiiiiiiiinn, Ceeeieienaaes ...$12.23 $629.73
Example 111.—Cost of One Mile, 30-ft. Chestnut Pole Line.
Matecrials: Per Pole. Per Mile.
48 30-ft. 7 in. poles, includlng fréight...... eeaereesnens $176.20
432 iron steps @ $.02367........0cccviitriirrenentinanananas 10.22
240 wood steps @ 8.009081 .................................. 2.16
Carbolineum AVENATiuS ............ccecieveeennncnennes . 2.74
Spikes, 5-20, 5-60 ......ccceiiiiiiiiiiiiiinairiaeaaans . 1.68
Paint, 1 qt. for 10 ft. @ 8 17 ............. .. . 20.40
200 ft. 6-M guy wire $.0 1.72
8 zuy clamps @ $.0958 7
4 anchor logs @ $1.60 6.00
4 anchor rods $.225.. .90
10% freight, 22.18
Lab
Unloading .......ecovenenenn .. . 12.00
Shaving .. .. . 16.80
Cutting one gain .. . 4.80
CUutting roof . .....c.cetieiiiiereeenennnneneeoennns .. . 4.80
Boring holes on ground ..............eeuuieuiienen .. R .96
Driving iron steps @ $.0125....................... .. . 5.40
Placing wood steps @ $.015........ccviiiiienrnnnnnnnns . 3.60
Placing carbolineum .............iiiiiiiiiiiiiiiiaaaans . 12.96
Digging holes ..........cciiiiiiiiiiiiiienniiiniinnnenens . 28.80
Raising poles ..........ccciiiiiiiiiiiiiiiiiinneceenennns . 16.80
TaMPINE o .iiiiiiiiitiiiteiietntaeeansnseanneannnncanas . 7.20
Banking poles .........eiiiiiiiriiititretieiataaaaiaans .05 2.40
Hauling poles ........coiveiiiniieeninnennennncsensss .. . 9.60
Painting poles @ $.0125............... .. . 15.00
4 anchor holes dug. earth @ $3.00... 12.00
4 anchor holes tamped, earth @ $1.50 6.00
4 guys placed @ $1.00 4.00
Supervision, 7%%...
Teaming, 1 48.94
Travel, board "and incidentals, 73£%.
Total ............. $456.03
General expense, 10%. 45.60

Grand total ...... ceeseressterees sateiaetasaeaaonn "$ 9.560 $501.63
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Example |V.—Cost of One Mile, 25-ft. Chestnut Fole Line.

Materials:
Per Pole. Per Mile.
48 25-ft. 7 in. top poles, including freight................ $ 253 $121.44
288 fron steps @ $.02367 ........iiiiiiriiiiiiiiieraeeeianan 142 6.82
240 wood steps @ $.009081 ...............iiiiiiiiieiianaen .045 2.16
Carbolineum Avenarius .............. .067 2.74
Spikes, 5-20, 5-60 ..........c.ciiiiiiiiiiiiiiiiiiieia, .035 1.68
Paint, 1 qt. for 10 ft. @ $.17 .34 16.32
200 ft. 6-M. guy wire @ $.0086.............c.0uuuenn eenaes 1.72
8 guy clamps @ $.009081 1
4anchor 1088 @ $.756.......cciiuireiiiniiiinrinnnecannenns 3.00
4 anchor rods @ $.225...........c00iiiiiiinnncncncenannn . .90
10% freight, incidentals, etc............coiviiveininnnns .315 15.00
Labor:

Unloading ....... e .20 9.60
Shaving ......iiiiiiiiiiiiiiiiiii ittt ees .30 14.40
Cutting one gain ...................... eeeeeieeiaannas .10 4.80
Cutting roof ........ociiiiiiiiiiiiiiiiiiiiiiiiiiiieas .10 4.80
Boring holes on ground ............oiiieniiia.n. weesase .02 .96
Driving iron pole steps @ $.0125........000evueuevenenns .076 3.60
Placing wood steps @ $.015.........cviiivnrnnnnecannn. .075 3.60
Placing carbolineum ................... secsecescans .27 12.96
Digging holes .60 28.80
Raising poles . .28 13.44
Tamping ..o.uiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaaes .15 7.20
Banking poles .06 2.40
Hauling poles . .20 9.60
Painting poles @ $.0125 per ft................. cecetenss .25 12.00
4 anchor holes dug, earth @ $1.50............... 6.00
4 anchor holes tamped, earth, @ $1.00....... N .. ceee 4.00
4 guys placed @ $1.00...............cce0ivvnnne cesecssess 4.00

Supervision, 7%%.......cccoviiiiiiinniinnnnn
Teaming, 15%..........c00u.. Cereeeiiieriieas 2 = 30% .801 42.65

Travel, board and incidentals, 7%%.........
B 0 PP eereeaeaes ....$ 6.935 $358.12
General expense, 10% ....... Gesescescctassassrnscossass .694 35.81
Grand total ......... A $ 7.639 $393.93

Exchange Poles, Class C.—Class C pole line is designed to
carry an ultimate load of 2 cables, with no bare wires on the
poles; or an ultimate of 20 bare wires on cross arms, and no
cables on the poles; or an ultimate of 10 pairs of outside
distributing wire, with no bare wires or- cables. Spans in
straight sections are approximately 120 ft. in length. Five
examples of cost are given, one each for 25-ft., 30-ft., 35-ft., 40-
ft., and 45-ft. poles, painted, “preserved” and erected with all
equipment ready for stringing wire. The costs also include
all incidental items such as traveling expenses, board of work-
men, freight and haulage expenses, etc.
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TELEPHONE CONSTRUCTION.'

Example |.—Cost of One¢ Mile, 45-ft. Chestnut Pole Line.
Materials:

PerPole

45-ft. 6 in. top poles, including freight................ $ 08
iron steps @ $.02367........ .00ttt .473
wood steps @ $.009081............ ... ..iiiiiiiiinnnnn. .045
Carbolineum Avenarius ................... 0., .06
Spikes, 5-20, 5-60 ........... ... .iiiiii i .035
Paint, 1 qt. for 10 ft. @ $.17................cccvvun.n.. .68
ft. 6-M guy wlre@soos ..............................
guy clamps @ $.0958............ oottt
anchor logs 3,75 ...................... e ieieeieaaan
anchor rods 2
10% trelf‘nt. mcidentals, - 837
URIOBAING  t.iiiiiniiitiiiiiiieiiiieeiieeenianeennnanes .40
Shaving ...ttt i i i i i, .65
Cutting one gafn ... il .1¢
Cutting roof ... ....i..iiiiiiiiiiiiiiiiiiii e .10
Boring holes on ground ................................ .02
Driving iron steps @ $.0125............ccoiiiiiieneennnn .25
Placing wood steps @ $.015.......cciirirnrennnnennnnns 075
Placing carbolineum ................ccovveiennnennnnenn .27
Digging holes .60
Ralsing poles 1.10
TampIng ...t i i i e e .32
Banking poles .05
Hauling poles .40
Painting poles @ $.0125 per ft...........ccoiiiieeninnnn .50
anchor holes dug, earth, @ $1.50................c0veunn
anchor holes tamped, earth, @ $1.00
guys placed @ $1.00.................iiiiiiiiiiininne
Supervision, T%%........ccoviviiiiirenninnnnn.
Teaming, 15%......c.uuuniiieiennnininnennnn. 1.451
Travel, board and incidentals, 7%%.......... )

B0 $ 15.50
General expense, 10%.........ccoueeieerninenaeeneeeeans 1.55

Grand total ........... ...l $ 17.05

Example 11.—Cost of One Mile. 40-ft. Chestnut Pole Line.

Materials:
Per Pole.

40-ft. 6 in. poles lncludlng frelght ..$ 593
iron steps @ $.02367..... .379
wood steps @ 8.009081 .045
Carbolineum Avenarius .057
Spikes, 5-20, 5-60 ..... .035
Paint, 1 qt. for 10-ft. @ $ 595
ft. 6-M guy wire @ §. .
guy clamps @ $.0958.......
anchor logs @ $.75.........

anchor rods
10% freight,
Labo

or:
Unloading . ..uiiiiiereeiiniiiienerereernrnneatenenaneonnns .35
Shaving ....... . . .55
Cutting roof cee . .10
Cutting one gain .......... ... iiiiiiiiiiieiniirrenanan. .10
Boring holes on groun ............................... .02
Driving fron steps @ $.0125............cc0iiiinnnnnnnns .20
Placing wood steps @ $.015.........c..oviiitiiiininnn. .075
Placing carbolineum ..............coiiiiiiiiiiiiiin., .27
Digging holes ......civiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnes .60
Ralsing Poles ..ocveriiiiiiiiiiiiiiiiiiiiiiiiieiienann - .63
TAMPINE .. iivtiraeerreerenereneeensenseenasenanenanne .22
Banking poles P .05
Hauling Poles ....iiveiiitiiiiiniiiiteierenneeinaennnns .30
Painting poles @ $.0125 per fl.......coiviiiiiiiiiinnn .438
anchor holes dug, earth, $1.50.....0iiiiiiiiiie e
anchor holes tamped, earth, @ $1.00...................
guys placed @ $1.00........... . coiiiiiiriiniinnannn
Supervision, T%%....cceevieeriiiineieacenanns
Teaming, 15%.....ccvviiiuiumnnnneeerrinnnnnns = 30% 117
Travel, board and incidentals, 7%%.......... )

b 6 7 T $ 12.82
General expense, 10% .....o.ceivreniirnnerenecnnanennns 1.28

Grand total .......iiiiiiiiieiiiiiiiiiiiiiiei e $ 14.10

Per Mile,
$311.52
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Example Ill—Cost of One Mile, 35-ft. Chestnut Pole Line.

1s:
: Per Pole. Per Mile.
44 35 ft. € in. top poles, including freight................ $ 4.32 $190.08
572 fron steps @ $.02367...............iiiiiiiiiiiiiinnnnnn, .308 13.54
220 wood steps @ $.009081...............ciiiiiiiiiiiiian... .045 2.00
Carbolineum Avenarfus ..............c..ciiiiiiiinnn.. .057 2.51
Spikes, 5-20, 5-60 ............ciiiiiiiiiiiiii e, .035 1.64
Paint, 1 qt. for 10 ft. @ $.17....................oiun.. .51 22.44
200 ft. 6-M guy wire @ $.0086.............ccvvvviiiiinnnn.. 1.72
8 guy clamps @ $.0958...................... PN a7
4 anchor logs L 2 € PN ceee 3.00
4 anchor rods $.225. i i, cees .90
10% freight, incidentals, etc....................cooiuun.. .528 23.92
Labor:
Unloading ....... Ceeeteaceneaationstsiasttatttinraannnns ’ .30 13.20
Shaving ........ Geoesnseeseastsesearesecttanssonrannonan .50 22.00
Cutting one gain ...........coo it .10 4.40
Cutting roof . ...iiiiiiiiiiniiiiitierieieiiiiiiieann .10 4.40
Boring holes on ground .............cviviiiiininnnnnnn. .02 .88
Driving iron steps @ $.0125............ciiiivirrnnnnnnn .163 7.15
Placing wood steps @ $.015...............coivirnnnnnn. o075 3.30
Placing carbollneum .............. .. ... i, .27 11.88
Digging holes ....... Geceseecctetatiacassceseesrornannns .60 26.40
Raising poles .....cooviiiiiiiiiiiiiiiiiiiiiii i 47 20.68
Tamping ....... . .18 7.92
Banking poles ............iiiiiiiiiiiiiiii i, .05 2.20
Haulng POLeS ..itititrininineeiernteieneeeenesannannns .25 11.00
Painting poles @ $.0125 per ft............ccovvunieen.n. 375 16.50
4 anchor holes dug, earth, @ $1.50...................... 6.00
4 anchor holes tamped earth, @ $1. 00 .................. e 4.00
4 guys placed @ $1.00 ......... ... ..ttt 4.00
upervision, 7%%..
Teaming, 15%......c.uouuureienenneeennnnnnnnns 3 . 49.77
Travel. board and incidentals, 7%%
Total L. e s . $478.92
General expense, 1.03 47.89
‘Grand total ... ... . i e i . $526.81
Example IV.—Cost of One Mile, 30-ft. Chestnut Pole Line.
Materials: PerPole. Per Mile.
44 30-ft. 6 in. top poles, including freight................. $ 3.15 $138.60
396 iron steps @ $.02367 .......... ... .. i, .213 9.37
220 wood steps @ $.009081 . ..................iiirinnninn.. .045 2.00
Carbolineum Avenarfus ........................c...... 057 2.51
Spikes, 5-20, 5-60 . .... ..., .035 1.54
int, 1 qt. for 10 ft. @ $.17.......... e, 425 18.70
200 ft. 6-M. guy wire @ $.0086............................. 1.72
Sguy clamps @ $.0958........... ... i, el 7
4anchor 1088 @ 8.75.......cviiunniiiinininiieennnnnnnn. 3.00
4anchor rods @ $.225..........c00iiiiineinninnnnnnnn. .90
10% freight, incidentals. L] P 393 17.91
Unloading ........ e e ee et et a e e et .25 11.00
Shaving ......... e teoee0et e e ete ittt antetanaannans .35 15.40
Cutting one gain ....oovenniniiiiiiiiiiiiiiiiii ., .10 4.40
Cutting Toof . ....iiiieueiiniieiiieiiiieinnneennnennnn, .10 4.40
Boring holes on ground...........c..coiiieiiniinan.... .02 .88
Driving iron steps @ $.0125......... [EEEEERP P RERPPPPp 113 4.95
Placing wood steps @ $.015 .075 3.3
Placing carbolineum ........oooiiiiiiiiiiiiiiiiinnn... .27 11.88
Di ging holes ....... e ereet ettt e iaaaee .60 26.40
sing poles ........ PR R T T . 15.40
TAMPING ...ttt i e e e . 6.60
Banking poles ........coiiiiiiiiiiiiii i i, . 2.20
Painting poles @ $.0125 per ft... . 13.75
Hauling poles ............. e e . 8.80
4 anchor holes dug. earth, @ $1.: 6.00
4 anchor holes tamped, earth, @ 4.00
4 guys placed @ $1.00.................... 4.00
supervislon %%.. -
Teaming, 15%...... . = .882 43.01
Travel, board and .
TOtAl L.ttt i it e it 3 $383.39
General expense, . 38.34
Grand total $421.73
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\
Example V.—Cost of One Mile, 25 ft. Chestnut Pole Line.
Materials:
Per Pole. PerMile,
44 25-ft. 6 in. tog goles. includirg freight................ $ 2.03 $ 89.32
264 iron steps @ $.02367............cciuiiiiiiiiiiiiiiaiannn 142 6.26
220 wood steps @ $.009081...........00iiiiiiiiiiiiiiaaanns .045 2.00
Carbolineum Avenarfus ...........c.cecvviieiiiineennns .057 2.51
Spikes, 5-20, 5-60..........00iiiiiiiiiiiiiiiiiiiiiiaaan .036 1.54
Paint, 1 qt. "for 10 feet 8 b Cereieees .34 14.96
20(8) feet G-Difa guy %lre: 85 83.0 .................. tecassaane .eee l;?
guy clamps A e . .
4 anchor lo 75...0 . cene 3.00
4 anchor r 225, .. el . .90
10% frelght. . . .266 12.30
Labor:
Unloading 20 8.80
Shaving .. .30 13.20
Cutting one gnln 1 4.40
Cutting roof ..... . 10 4.40
Boring holes on ground..... .. .02 .88
Driving iron steps @ 80125 ............................ .075 3.30
Placing wood steps @ $.015..........cc00vvivennnnnnns .076 3.30
Placlng carbolineum .......ciiiiiiiiiiiiiiiiiiaiieaaens .27 11.88
lﬁing hole8 ..ccvieierecnnninernninniocesannncanns
INE POIeS tovuivrrreneeernnirrierneenssssnncnnnsanns
Banking POleS ...ceceererrirrniierairiiieriiteiiecnins
Tamping ..... sateveeassscranncces -
Haullng 470 = T
Painting poles @ $0125 per ft..............
4 anchor holes dug, earth, 8 50 ........
1anchor holes tampeoib earth, @ $1.00

ys placed
upervlsion. 7?;
Teaming, 15% ......cc000veivennens
Travel, board and incidentals, 7% %
Tolal ...c.vvvineieiiiiennannnnss .
Gereral expense 10%.......ccc00ueennn

Grand total ..........c.iiiiiiiiiiiiiiiiii i

Toll Line Poles, Class D.—Class D pole line is designed to
carry 30 or more bare wires on cross arms. Spans on straight
sections are approximately 130 ft. in length.

Example I.—Cost of One Mile, 40 ft. Chestnut Pole Line.
Materials:
Per Pole.. Per Mile.

40 40-ft. 7-in. top poles including freight................. $ 6.58 $263.20
Carbolineum Avenarfus ..............cciiiiienennnnn. .057 2.28
200 ft. 6-M guy wire @ $.0086...........0000viiuiiiiinnn..
8 guy clamps @ $.0958........... ... . il R
4 anchor 1088 @ $.75......cciuiuieeinninennieneneenanannns 3.00
4anchor rods @ $.225..............c000u0nn. .90
10% treighlt)o incidentals, etc .664 27.19
. r:
Unloading c.cocvvenrerencenineenneeinnn. SN .35 14.00
ShaVINg iiierrrerererreenneeiirenitienineeiseeesessnnas .66 22.00
Cutting one gain...... ettt eeeer et eineean . .10 4.00
Cutting roof .......... .10 4.00
Boring holes on ground . )
Placing carbolineum .27 10.80
Dl ging holes ....... .60 24.
Ralsing poles . .63 25.20
Tamping ..... . 22 8.
Banking poles ............o00.... .. . .05 2.00
Haullng POle8 .. .ciuiuieinriiunneineiiiiiiaiiiininieeienas .30 12.00
4 anchor holes dug, earth @ $1.50........0000iiiinn. coen 6.00
4 anchor holes tamped, earth, @ Sl 00....ovviennenanne ceen 4.00
4guys placed @ $1.00............ooiiiiiiiiiit i, eeen 4.00
gupewislon. DY D e eeeeeriiiiieeee tniians |
Teaming, 15% .....oooeiiiiirineeeennnennnnns ‘ = 309 957 42.48
Travel, board and incidentals, 7%%.......... \
L0103 <% ...$ 11,448 $483.14
General expense, 10%.......cooviiiiiiiiiiieiiaiinannans 1.145 48.31

Grand total .............. e errereege e, ree.$ 12,59 $531.45
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Example Il.—Cost of One Mile, 35-ft. Chestnut Pole Line.

Materials:
Per Pole. Per Mile.
40 35-ft. 7-in. top poles, including freight................ $ 5.07 $202.80 -
Carbolineum Avenarius .............ccciiiiiiiieinnnnns .057 2.28
200 ft. 6-M guy wlre @ 30086 ............................. 1.72
8§guy clamps @ $.0958..........c00iiuuiiiiniininiaianans o 7
4 anchor logs @ 3.75 ........................ 3.00
4 anchor rods @ $.225............c.0c0vvunn. .90
10% freight, incidentals, etc 513 21.15
Labor:
Unloading .. .30 12.00
Shaving .... .50 20.00
Cutting one galn .10 4.0
Cutting roof ...... .10 4.00
Boring holes on ground. .02 .8
Placing carbolineum ......... .. .27 10.80
Dl ging hole8 ............ciiiiiiiiiiiiiiiiiiiiiienaann .60 24.00
lng POIES tevuiriniiiiitetitineeeeeeenasanoneananas .47 18.80
Tamp ng ..... Seeecassetscenssesasscseactsssanosaesasns .18 7.20
Banking poles ............iiiiiiiiiiiiiiiiiiiiiaee .05 2.00
Hauling poles .........cciiiiiiniinneeneecenenennnnnnns .26 10.00
.4 anchor holes dug, earth, @ $1.50..............cc0uuu.n 6.00
4 anchor holes tamped earth, @ $1.00........... vesecee 4.00
4guys placed @ $1.00......c00iunnrrnerenrneaneaannnnnnns 4.00
upervision, 7%%........cciviiiiiiiiinencnnns
Teaming, 15%........covviviieeeennuenennacns = 30% .852 38.28
Travel, board and incidentals, 7%%..........
B - ) PP $ 9.332  $398.50
General EeXPEeNBE .........eeeveeeeeerceassoasonnsotonses .933 .39.85
Grand total ..........iiiiiiiiiiiiiiiii i, $ 10.27 $438.35
Example 11l.—Cost of One Mile, 30-ft. Chestnut Pole Line.
Materials:
Per Pole. PerMile.
40 30-ft. 7-in. top poles, including freight ................ $ 3.65 $146.00
Carbolineum Avenarfus ..........iiiiiiiiiiiiiiienens .057 2.28
200 ft. 6-M guy wire @ $.0086...........c00vviviiinnninnnnn 1.72
8 guy clamps @ $.0058.........0tutiiiiiitiiiiieiaiaiaann 17
4 anchor logs @ $.75.. 3.00
4 anchor rods @ $.225........ .90
109% freight, incidentals, etc...........covvvuiiivnennn. .37 15.47
Labor: :
Unloading ...ttt iiiiieieaaiaaan .25 10.00
Shaving ... i e e e .35 14.00
Cutting one gain...............c ittt .10 4.00
Cutting roof ...ttt .10 4.00
Boring holes on ground............cccoiiiiiniiiinnnnn. .02 .80
Placing carbolineum ...............ciiiiiiiiiiiiiin., .27 10.80
Di ging holes .. .60 24.00
slng poles .35 14.00
Tamping ..... .15 6.0/
Banking poles .05 2.00
Hauling poles . 20 8.00
4 anchor holes dug, earth, @ $ 6.00
4 anchor holes tamped, earth @ $1.00.. .. 4.00
4 guys placed @ $1.00............ . .coiiiuiinnr canuinnn . 4.00
Supervision T oD e v vve e evennnenenennnenannnns
Teaming, 15%......ooviiiiruneneenniennnnns = 30% 732 33.48
Travel, boa.rd and incidentals, 7%%.......... )
B+ < N $ 7.2 $315.22
General expense, 10%.........c.eeeeuerenrerennnnennnnnn .73 31.52
Grand total ... .. ii i $ T.98 ° $346.74

Toll Line Poles, Class E.—Class E pole line is designed to
carry an ultimate load of 20 bare wires on cross arms. Spans
on straight sections are approximately 130 ft. in length,
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Example 1.—Cost of One Mile, 45-ft. Chestnut Pole Line.

Materials:
Per Pole. Per Mile.
40 45-ft. 6-in. top poles, including freight................ $ 7.08 $283.20
Carbolineum Avenarius ..................cc0iiiennnnnn .06 2.40
200 ft. 6-M guy wire @ $.0086.................c00vvuinnnnn 1.72
8 guy clamps @ $.0958.......... ... ..ciiiiiiiiiiaiiiann 7
4 anchor logs @ 8$.75.. .. 3.00
4 anchor rods @ $.225.......... .. .90
10% freight, incidentals, etc.................ciivuninn 114 29.20
Labor:
Unloading ...c.viniiiiiiiiiiiiiiiiiiiiiiienearenennnn .40 16.00
Shaving ... it i .65 26.00
Cutting one gain. .. 10 4 00
Cutting roof .......... .. .10 4.00
Boring holes on ground..............ccciiiiiieeiniannnns .02 .80 -
Placing carbolineum ................iiiiiiiiiiinnnnns .27 10.80
Digging holes ...........ciiiiiiiiiiiiiiiiinnennnas .60 24.00
Raijsing poles ............... eeesetesscessetesenanne .. 110 44.00
TampPINg .. i ittt it i e .32 12.80
Banking poles .........cciiiiiiiiiiiiiiiiiiiiieiiiiea .05 2.00
Hauling Ppoles ........ceuuuiiiiiiiiiiniiseeeernnnneanns .40 16.00
4 anchor holes dug, earth, @ $1.50...........0.c0cvuutn 6.00
4 anchor holes tamped, earth, @ $1.00.................. . .... 4.00
4 guys placed @ $1.00..........ciiiriiiiiriiiininennennnn 4.00
Supervision, 7%%..

Teaming, 15%......ccccvvennn % = 30% 1.203 52.32

Travel, board and incidentals, .%% ...........
L $ 13.067  $547.91
General expense, 10%............coviiiiieniinn.. Vevees 1.307 54.79
Grand total .. ... $ 14.37 $602.70

Example II.—Cost of One Mile, 40-ft. Chestnut Pole Line.

Materials:
Per Pole. Per Mile.
40 40-ft. 6-in. top poles, including freigl i $ 5.93 $237.20
Carbolineum Avenarius ............ e, 057 2.28
200 ft. 6-M guy wire @ $.0086........ e eaeaeea, 1.72
8guy clamps @ $.0958.........0ciiiiiiiiiiiiiiiaina.. T
4.anchor 1088 @ $.75......ciriiiiriiiiiinennnannnnnnnann 3.00
4 anchor rods @ $.225..........cciiiiiiiinrenneennnnnnnns .90
109% freight, incidentals, etc.................covvien. .599 24.59
Labor: :

Unloading  ...oiiiiiiiiiiiiiiiiiiii ittt e .33 14.00
ShaVINg . ittt it i i i i e e .55 22.00
Cutting one gain........... e et .10 4.00
Cutting roof ... .o i i i e .10 4.00,
Boring holes on ground................ciiiiiiiiinnann. .02 - .80
Placing carbolineum ................. ... ..o il .27 10.80
Digging holes ............ccoiiiiiiiiiiiiiiiiiiieienennn .60 24.00
Raising poles ....... ..o i .63 25.20
B - 5 01 ¢ 8 o - .22 8.80
Banking poles .. .05 2.00
Hauling poles ......... .. .. .30 12.00
4 anchor holes dug, earth, @ $1.50...................... 6.00
4 anchor holes tamped, earth, 4.00
4 guys placed @ $1.00. .. .. .ouunntnniintienniiniinnnn., 4.00

Supervision, 7%%.......cciiieiiiiiiiiiinennn
Teaming, 15%................ 42.48

Travel, board and incidentals,

B 0 Y .733 $454.54
General expense, 100 ........ciiitiiienernereennnneanan . 45.45
Grand total ............ciiiiiiiiiiiiiiiiiiiia., . $499.99
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Example 1l.—Cost of One Mile, 35-ft. Chestnut Pole Line.

Materials:
Per Pole. Per Mile.
40 35-ft. 6-in. top poles, including freight.............. .8 4.32 $172.80
Carbolineum Avenarius ........................... .. 057 2.28
200 ft. 6-M guy wire @ 30086 .. 1.72
8 guy clamps @ $.0958................ N a7
4 anchor logs @ 375 ............. o ; 3.00
4 anchor rods @ $.225.......... . .90
10% freight, incidentals, etc.. .438 18.15
Labor:
Unloading .........cciiiiiiiiiiiiiiiiiiiiiiiieneennnnns .30 12.00
Shaving ... . .iiiiiiiliiii i i i e e .50 20.00
Cutting one aiN...........cooiriuniniinnunneneennnnns .10 4.00
Cutting roof ...ttt i i .10 4.00
Boring holes on ground.. . -.02 .80
Placing carbolineum . . .27 10.80
Digging holes ...........c.iiiiiiiiiiiiiiiiniiitnennns .60 24.00
Raising poles ............cciiiiiiiiiiiiiiiiiiiiinennn, .47 18.80
Tamping ...ttt i i i e .18 7.20
Banking poles .............iiiiiiiiiiiiiiiiiie e, .05 2.00
Hauling poles ..........coiviimiiininniinneenennnnnnnnn .25 10.00
4 anchor holes dug, earth, @ $1.50...................... 6.00
4 anchor holes tamped, earth, @ $1.00.................. 4.00
4 guys placed @ $1.00...........iiriiiniereirrcancnnons 4.00
Supervision, T%%.......coiiiiiiiiiiann. ..
Teaming, 156% ..........cccnvuen... 2 = 30% .852 38.28
Travel, board and incidentals, H/z% ..........
Cost  .......au.... e et $ 8.507 $365.60
General expense, 10%.........cciiiiienencnnennonennnns .851 36.565
Total COBt .....c.ivuiriiiiiiiiiiiiiniiiniannnnneennns $ 9.36 $402.06
Example 1IV.—Cort of One Mile, 30-ft. Chestnut Pole Line.
Materials:
. Per Pole. Per Mile.
40 30-ft. 6-in. top poles, including freight................ $ 3.15 $126.00
Carbolineum Avenarius ...............cciiiiiiiiennenns .057 2.28
200 ft. 6-M guy wire @ $.0086 1.72
8§ guy clamps @ $.0958 7
4 anchor logs @ $.75.. .. .. . ceae 3.00
4 anchor rods @ $.225................. .. . .90
10% freight, incidentals, etc 321 13.47
Labor:
UnloBAINg . ..oiiiiiiteiiiiiiie ittt .25 10.00
ShaVINE ...t it e .35 14.00
Cutting one gain. . .10 4.00
Cutting roof ............ . .10 4.00
Boring holes on ground..................... ... .. . .02 .80
Placing carbolineum ............... .. .ot .27 10.80
Digging holes .........covviniiiiiiiiiiiiiiiiieianinans .60 24.00
Rafsing poles ...........coiiiiiiiiiiiiiiieiennnnnnannns .35 14.00
TAMPINE oo tiitetetiineneeaneoeunosnsesnnseanaanseanns .15 6.00
Banking poles ..........ciiiiiiiiiiiiiiiiiiiiiaiaena, .05 2.00
Hauling POleS ...covvuiviiinreiireinnnnanerearasnnnnns .20 8.00
4 anchor holes dug, earth, @ $1.50...........ccoientenen 6.00
4 anchor holes tamped, earth, @ $1.00..............cc00  -unn 4.00
4guys placed @ $1.00.........ccitiiiiriiiiaiiiiiiiannaas 4.00
Supervision, T%%........... . ~
TeaMINE 15T .. couueeeeernnnineenrnnnassnnns .732 33.48
Travel, hoard and lncidentals TYOr . veeeiennn
Cost ......... I I $ 6.70 $293.22
General expense, 109, .....cciveeuernennaencrsancennans .67 29.32

TOtAl COSt  ...ivvivennneneseeeonnnnaneonseennnnnans $ 737 $322.54
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Example V.—Cost of One Mile, 25-ft. Chestnut Pole Line.
Materials:
Per Pole. Per Mile.

40 26-ft. 6-in. top poles, including freight ..$ 2.3§7 88;.20
.05 3

Carbolineum Avenarius .. 28
200 ft. 6-M guy wire @ $.008 1.72
8 guy clamps $.0958..... 7
4 anchor rods .226. .90
4 anchor logs $75....cuunns .. cee 3.00
109, freight, incidentals, etc.................c..o0iL... .209 8.99
Labor:
Unloading .....c.iiiiiiiiiiitiiiiiiiiiiineeieeieiaannn .20 8.00
Shaving ........... . .30 12.00
Cutting one gain.. 10 4.00
Cutting roof ......... 10 4.00
Boring holes on ground 02 .80
Placing carbolineum 27 10.80
Digging holes ....... 60 24.00
Ralsing poles ....... .. .28 11.20
TampPINg ...ttt it i it it it .15 6.00
Banking poles ...........iiiiiiiiiiiiiiiiiiiiee e .05 2.00
Hauling poles ........ciiiiiiiiiiiiiiiiiiienieiennennns .20 8.00
4 anchor holes dug, earth, @ $1.50...................... 6.00
4 anchor holes tamped, eart @ 81 00......00viiiinnnnn e 4.00
4guys placed @ $1.00........... ..ot iiriiiiiiiiianniinnnn e 4.00
Supervision, T3%.......ccovirieriineianeennnns .
Teaming, 15%....c.ccvieereennecnienencncanas = 30% .681 31.44
Travel, board and incidentals, 7%%..........
B - ) PPN $ 5.247 $235.10
General expense, 10%.........cccuieienienienancannnnnes 525 23.51-
Grand total ............iiiiiiiiiiiiiiiiiiiiiiina $ 5.77 $258.61

Farmer Line Poles.—This line is designed to carry either 4
bare wires on brackets, or an ultimate of 10 wires on a
cross arm. Spans on straight sections are approximately 160
ft. in length.

POLES:
Example 1.—Cost of One Mile Farmer's Line with Four Brackets.
Materials:
Per Pole. Per Mile.
33 25-ft. 5-in. top les, including freight . $ 39.60
4 oak brackets $.0163....... ..., e . .042 2.40
Spikes, 4-40, 4-60........... .92
200 ft. No. 6 steel wire for guys .56
4 5-ft. IX guy stubs $.60.. 2.40
8 %x4-in. lag screws $. 0078 .06
10% freight, incidentals, etc. 127 4.59
Labor:

Dlﬁgﬂng holes, L D 4 .60 19.80
SINg POlES ...ttt i i e it .28 9.24
TAMPINE . iiviiitertnetnoeeneernereneenassnenannenons .15 4.95
Banking ............... . .05 1.65
Hauling and unloading 20 6.60
4 brackets placed @ $.01............ 04 1.32
4 guy holes dug, earth, ? $.40 (4 ft) 1.60
4 guy holes tamped ear 4-ft .60
4 guys placed @ $1.00...........00iiieieneiirnecannennns 4.00

upervision, 7%% ................... ..
TeamIng, 15%. .« cuuereueereresesnenensanenans = 30% .396 14.94

Travel, board and incidentals, 7%%..........
Total ..$ 3. 113 $115.23

General expense 11.52
Grand total .............0000.. teeraeeas Cerenes RORIRSOF I X 42 $126.75
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Example 1l.—Cost of One Mile Farmer's Line With One Cross

Arm,
Materials:
Per Pole. Per Mile.
33 26-ft. 5-in. top poles, including freight............... $ 1.20 $ 39.60
200 ft. No. 6 guy wire..........covvvvivrnnennnnns aeees .56
4 ft. 1-x guy stubs @ $.60............cc0ciineeinnneinnns 2.40
8 1x4-in. lag screws @ $.0078..............c0evvvnnnnnns .06
10% freight, !ncidentals, etec........... Cheeseeareeanans 12 4.26
Labor:
Di glng holes, 60 19.80
Ralsi ng poles .28 9.24
TAamMpPINg ... .ottt e .15 4.95
Banking ... e .06 1.65
Haunng and unloading.............ccoiiiiiiiiiiinnann .20 6.60
4 guy holes dug, earth, 4-ft. @ $.40 1.60
4 guy holes tamvped, earth, 4-ft. @ $.15 .60
4 guys placed @ $1.00..........cc0tiiiiiiiiininiiiiiaans 4.00
upervision, 71%6%...........ccoiiiiiiiiiennnnns

Teaming, 15%........c..ccvvveinecennnnnn . .384 14.53

Travel, board and incidentals, 7%%
COSt Of 1 CLOSSATIM. .. reeunnnnnnrannnnnesanteeeeeinnes 1.32 43.56
Total ............... .. . $153.41
General expense, 10%... .. . 15.34
Grand total ........... beseesaneasereassserrrrenssnenes $ 4.73 $168.76

Guy Poles.—The data include.the cost of structural iron,
cast iron pipe and wooden guy poles.

€O bt i bk

CO ok b

Example 1.—16-Ft. Structural Iron Pole in Place.
Materials:
16-ft. guy pole (891 1bS., @ $.029)......ccvviririiiiiiernnneoncensnn
10-ft. ANChOT JOg. ... .iiiiiiiiiiiiiiseeetnnnsonaseneronnnnnnns
set fittings ............ .. il . ..
cu. yvds. concrete for base in place..
10% freight, incidentals, etc..................

Labor:
Placing fittings ..........i ittt e
Digging 10-ft. hole, earth ’
Raising pole ............oeiiiiiiine,

TaAMDINE . tttiiiiiiiiiiimiee it iiiiireteieesnatneesosannsneseanns
Supervlsion. T s eeveeeenneennsesesnosoenanansons }

Teaming, 15%....ccvueeieeeirieaeneneaassnnsonnnenn
Travel and board, T%%.....ccccoeeeeinncnns ceves

COoSt Of POIE. ..ttt ittt iieeeneeanensnessossoneasassannennnas $ 65.67
Generel expense, 107 ........ccueueiesreonsnesnnecacnossnsssnssnns 6.57

Grand total ............ il i i it i i $ 72.24
Example |I.—18-Ft. Structural Iron .Pole in Place.
Materials:
18-ft. guy pole, (1 003 1bs., @ $.029) .$ 29.087
10-ft. anchor log.. 1
set fittings ...................
cu. yds. concrete for base in place @ $ 18.00
10% freight, incidentals, etc . 5.409
Labor:
Placing Aittings . ...ttt ittt
Dl ging 10- ft hole, earth.................
Ralsing pole ...........c.ciiiiiiiiiiiias
Tamping ..........ccccivenn. e
Supervlsion, 1%%. .

Teaming, 15%............ ..
Travel and board, T%%......c.cviiveiioinnneeans

CoSt Of POlE... . vyiiiiiiiniineireniinnnenennnnns
General expense, 10%......,.,......,.....,...,.,...

GIand t0tal ...ierererene e aeaaaes eee. 3 16070
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Example 111.—20-Ft. Structural Iron Pole in Place.

Materials:
20-ft. guy pole (1 114 1bs,, @ $.029)..........0iviit tiiiiennnnn $ 32.306
1 10-ft. anchor log.......... e it i P )
set fittings .............. .. iiiiiiiiiiina.e. .... b.60O
cu. yds. concrete for base in place @ $6.00.. ceiee... 18.00
10% freight, fincidentals, etc..............ccvvvivviinneennnanns ... 5.3
$ 63.03
Labor:
Placing fittings .........0iiiiiiiiiiiiiin it iitiietintanaens aan $ 1.00
Digging 10-ft. hole, earth.............ci.iitiiiiiiiiiiinrennnnnnnn 3.00
Raf8INg Pole ....oooiiiiiiiiiiiiiiiiiitiiitiiiettintrntenaneneanans 2.00
'é‘amml;81 ves 7%% ...................................... iessecasens 1.50
upervisfon, 734%........ccoiiiiiiireiiiiiiiinnn..
Teaming, 15%....ccouueeuiurniiineiiiriiiennnnnnnnns = 30%.. 2.25
Travel and boArd, 7% .coveeercisreencenansaasns
$ 975
CoBt Of POle.....ciiiitiiiiiiieereeeneetnnneennesneesonnannsssnas $ 72.786
General expense, 100 .......couiiriniiiiruineersieenenneronnnne 7.279
"Grand total ... e i i i $ 80.065
Example 1V.—20-Ft. Iron Pipe Guy Poles in Place.
20-ft. pole @ $.76 Per ft.......covirunnmneennreeneninnneenncnnnes $ 15.00
cu. yd. concrete for base in place @ $6.00...................... 1.50
10% freight, incidentals, etc.............viiiiiininiineecnnnennnns 1.65
' $ 18.15
Labor: :
Hole dug, earth......... .. oiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeannnas $ 1.00
Pole rafSed ..........ciiiiiiiiiiiiiiiiiiii i ittt i 2.00
Pole tamped ........c.oiiiiiiiiiiiiiiiiiii it it i .50
Pole baNKeA ......covuiiuiiiiiiiiiriiiiiiieireietseresettacannnannas .05
Supervlslon, D1 Toe e ev et ennetenenneeasonanaananns
Teaming, 15%......ccoviiiiinnneeiiiinneannnns PO = 30% 1.07
Travel and board, 7% %.....cccccvveviirincnsnnsanns
$ 4.62
CoBt Of POlE. ...ttt iiiiiitanesreeeennunsacesnennensns $ 22.77
General expense, 10%.........ccoiiiniiiinnneennnn seeevescessans 2.28
Grand total ...........c.iiiiiiiiiiiiiiieeiannn e i $ 26.05
Example V.—Cost of 18-Ft. Iron Pipe Guy Pole in Place..$ 23.23
Example VI.—Cost of 16-Ft. Iron Pipe Guy Pole in Place..$ 21.42
Example VII.—Cost of 25-Ft. Wood Guy Pole in Place.
Materials:
25-ft. Chestnut 7-in. top pole,
Carbolineum Avenariug ..............coooiiiivennnn
10% freight, incidentals, etc............c.civiiiiiniiiinnnninnn,
Labor:
Unloading ........cccvuiiiiiiniiininnneneneneiennnns e eeeeeeeieaas
ShaVINg ... ittt it it e it et i eeeaas
Placing carbolineum ............c..iiiiiiiiiiiiiiiiiieriineinanas
Digging hole .........ciiiiiiiiiiiiiiiiii ittt ..
Raising pole ........ . .
Tamping .........
Banking ........

Supervision, T%%
Teaming, 15%..
Travel and hou .

. $ 2.41

o e s B
Total m
Example Vill.—Cost of 20 ft. wood guy pole in place...... $ 5.177
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Wood Anchor Logs.—The cost of materials and labor for
wood anchor logs in place was as follows:

Example' I.—Wood anchor logs.

Materials:
1 5-ft. anchor log, including freight.......... ... .iiiiiiiiens $ .75
1 81N X T-ft. TOA ....eiiiiineinniineeeeennsioenaeeneannneaenensas 225
1 freight, incidentals, etC.........ciiiiiiiiiiiiininiiennnennns .098
$ 1.073
Labor: .
1 6-ft. anchor hole dug, earth.............cciiiiiiiiiiiirriennnnnes $ 1560
1 5-ft. anchor hole tamped............coiiiiiiiiiiiiiiiniinneednns 1.00
Supervlslon TG0 e e eeeensnsesnasassaasonnnnnn )
Teaming, 156% . .ccvueuneiuennineneeeeesneanannononnn = 30%.... .75
Travel and board, 7% . .oeeeerereerotsseocsssnans
COSt Of JOB..vuuiiieeeneieiieeaeensninseensnesnnsssenesnanannans
General expense, 109%,. . R

Total
For ~ mck excavation add $3.58.
Example 11.—10-Ft. Chestnut Log in Place.

Materials:
1 10-ft. anchor log, including freight...................... .. ..., $ 1.60
1 1% in.x7-ft. anchor rod.............. .. .. .. ven .225
-109, freight and incidentals 173
$ 1.998
Labor: .
1 10-ft. anchor hole dug, earth ...$ 3.00
1 10-ft. anchor hole tamped, eart] P,

Supervision, %%
Teaming, 15%.........
Travel and board, TP .. cccveeeerenccnsecsacnnns

COSt Of 108 oirninerrnereaannaaenasenneeennens
General expense, 10%.

Total ......... e e e i,
For rock excavation add $7.15. .

Cross Arms:—Cost of 1, 10-ft.,, 10 pin cross arm in place.

Materials: Per Pole.
1 10-ft., 10-pin cross arm @ $.665...... . et $ .665
10 Standa.rd locust plns @ $.0105. .105
10 6-d Nails @ $.00015.......... ‘002
1 pair 28-in. cross arm braces @ .080
2 %;x4-in. carriage bolts @ 80061 .012
1 Fetter drive screw @ $.0093 .. .009
1 14-in. cross arm bolt @ $.037. ............... .. .037
2 Square washers @ $.0068........... ... ..., .014
109 freight, incidentals, etc.............. ..., .0924
$ 1.016

Labor:

1 cross arm dlstributed @ .03 ... ittt e, $ .03
10 pins placed @ $.0023. .. ... .. .. ettt i .025
1 pair cross arm braces placed @ $.03...........ooiiiiiii, .03

1 10-pin cross arm placed @ $.15....... ..ottt .15
. Supervision, 7%%.....ccccvvrveecianrcnscainiecnnns
Teaming, 15%....cccoeeeeasanraecescanennsannnnes = 30%.. 0705
Travel and board, T%%...cceeevreecccocccncncens
. $ .305
COSt Of ONE@ ATM.....covueeresessssnssansssssenassnsscssannsncans $ 1.321
General expense, 10% ........cceiiieiiiiiitttitiiatiiiaiiiiiiaan, .132

TOAL e v e e e e e e e e e e e e $ - 1.454
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Wire Stringing.—The following example shows the

method of arriving at the cost of wire stringing:
Cost of One Pair No. 14 N. B. S. Gage, H. D. Copper, on One Mile Class

“A’” Pole Line:
Materials:

204 Ibs. No. 14 copper $.235 .

104 lbs. glass @ $.01885.....

Tie wire, line joints, e
5% freight, etc.

Labor:
*3 wires strung one mile @ $5.81..........cciiititiiiiirnianenann

104 glass placed @ $.01...........cotununnnniieeirinnnnnsaeeneeannnnnns

Supervision, T%%......c.c.ccviiieiierenrnneeennennns
Travel and board, 7% % ... .cveeeeecrerecncenaanaonns

Cost of one pafr ........ccoiiiiiiiiiiiiiiiiiiiiieennnnan
General expense, 10%

B 07
*Team hire included in cost of stringing.

As the number of pbles per mile varies with the class of

line and the cost of stringing with the number of wires, the
above is given, simply to show the different items considered
in arriving at the costs given in Tables I to V.

—

—

[

DL OO~ UN S O et

CLR=IDN U WL =

SWOO=ID U OB -

Table I.—Cost of One Mile H. D. Copper on Class “A’” Pole Line:

Cost of Cost of Cost of
No. 14 No. 12 Cross Tctal Cost.
N.B. S. N.B. S. Arms. No. 14. No. 12.
$102.308 $ 75.40 $149.40 :177 708
202.498 75.40 207.822 277.898
300.021 75.40 270.307 376.421
398.280 75.40 333.528 473.680
492.905 75.40 393.115 568.305
601.008 150.50 341.580 751.808
693.931 150.80 599.460 844.731
786.440 150.80 656.936 937.24
875.844 150.80 711.303 1026.644
968.330 150.80 768.75 1119.13

Table 1l.—Cost of One Mile H. D. Copper on Class “B’” Pole Line.
Cost of Cost of Cost

No. 14 No. 12 Cross Total Cost.
N.B. S. N.B. S. Arms. No. 14. No. 12,
.$ 67.017 $102.058 $ 69.60 $136.617 $171.658
. 131.918 202.000 69.60 201.518 271.600
. 194.151 299.274 69.60 263.751 368.874
. 257.12 397.284 69.60 326.72 466.884
. 316.455 491.660 69.60 386.055 561.260
. 389.268 599.514 139.20 528.468 738. 714
.. 446.878 692.165 139.20 586.078 831
. 505.270 785.598 139.20 644.470 924 798
558.234 873.603 139.20 697.434 1012.803
615.430 965.840 139.20 754.63 1105.040
Table 11l.—Cost of One Mile H. D. Copper Class “C” Pole Line.
Cost of Cost of Cost of
No. 14 No. 12 Cross Total Cost.
N.B. S. N.B. S. Arms. No. 1 No.
¢ $ 66.700 $101.808 $ 63.80 $130. 500 8160 608
Pruceceeceinaeancnans 131.554 201.730 63.80 195.454 265.530
Preceeeeesiennnnnnns 193.410 298.524 63.60 267.210 362.324
] 256.132 396.284 63.80 319.932 460.084
3 315.220 490.410 63.80 379.02 554.21
0] 387.786 598.014 127.60 515.386 725.614
3 o 445.172 690.438 127.60 572.772 818.038
) o 502.144 782.448 127.60 629.744 910.048
Preciiiniinieannnnns 556.011 871.353 127.60 683.611 998.953

43 612.950 963.340 127.60 740.55 1090.940
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Table IV.—Cost of One Mile H. D. Copper on Class “D” or “E’ Pole Linc.
Cost of Cost of Cost of

No. 14 No. 12 Cross Total Cost.

N.B. S. Arms. No. 14. No. 12.
1 $101. 559 $ 58.00 $124.520 $159.659
2 201.002 58.00 188.925 269.002
3 297.777 68.00 250.661 - 366.777
4 395.288 58.00 313.134 453.288
5 489.165 58.00 371.972 547.165

[ 596.52 116.00 502.289 712.62
7 688.695 116.00 559.425 804.695
8 780.456 116.00 616.148 896.456
9 5 869.112 116.00 669.765 985.112

10 pro......... N 610.465 ~ 960.85 116.00 726.465 1076.85
Table V.—Cost of One Mile No. 12 B. W. G. Steel Wire on Clas3 ‘“D” or “E.”

Pole Line:
Cost of No. 12 Cost of

B. W. G. Wire. Cross Arm. Total Cost.
1 pro........ eeeen P $ 25.318 $ 58.00 $ 83.318
2 48.520 58.00 - 106.520
3 69.054 58.00 127.054
4 . 90.324 58.00 148.324
5 . 107.960 58.00 165.960
6 . 139.074 116.00 256.074
7 1654.508 116.00 270.508
8 170.528 116.00 286.528
9 . 182,943 116.00 298.943
10 . 198.440 116.00 314.440

The cost of one mile No. 12 B. W. G. steel wire on farmer’s
line with one cross arm (33 poles to the mile) figures as

“follows :
Cost of No. 12

. 42 U $ 24.874
................... 47.632
..................................... 67.722

0 4 88.548

508+ oA 105.740

The cost of one mile No. 12 B. W. G. steel wire on farmer’s

line with brackets figures as follows:
Cost of Wire.
$24.874

The cost of No. 14 N. B. S. weatherproof wire on Class A
pole line was as follows:

Materials:

364 Ibs. No. 14 N. B. S,
104 ¥us @ $.01885 ..
e wires, etc. ...
5% freight, etc.

Labor:

2 wires strung one mile @ $7.83....... ..ttt $ 15.66

104 glass placed 25 PP 1.04
upervision, 7%%.............
Teaming, 6%%.....+.ccocoounnnn

Travel, board ete., 2%%

$ 19.21
b0 07 N eeeieaaes $111.61
General expense, 10% ........ .. . 11.16

Cost of one mile ...

.$122.77
Cost of one foot ..

....... .0203
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The cost of No. 14 B. & S. twist on Class A pole line was
as follows: '

Materials:
5,280 ft. twist @ $.0187. ... ... .. ...ttt
52 brackets @ $.0367 .................
652 knobs @ $.01606 ..................
104 lag screws @ $.0078
52 bolt @ $.0089 ...
Tie wire, etc.
% freight ......

Labor:
One mile twist strung @ $7.83. .. ettt $ 7.83
52 brackets placed @ $.02.............c.cotiniiiirrnirieninannannaanans 1.04
Supervision, TH%...ceeeieeetiinmeinnareinnnnanns
Teaming, 5%.....o.o.ros.. . = 15%..... 1.33
Travel, board, etc 2%%..
$ 10.20
Lo PO $117.975
General expense, 109, 11.797

Cost of one mile
Cost of one foot

$129.772
$  .0245

The average cost of one subscriber’s drop, using No.
B. & S. twisted pair, was as follows: : '

Materials:
200 ft. No. 14 B. & S. twlsted pair @ $.0187........cciiiiniina...
5 house knobs @ $.01388 .................ccciviiinninnnnnn S
Portion of dlstrlbuting bmcket and knob expense .
5% freight and Incidentals ...............ccoiiiiiiiiiinnan.,
Labor:
200 ft. No. 14 twist strung including the placing of all supports, etc.$ 2.00
Supervision, 7%%
Teaming, §% = 18%..... 30
Travel, board, etc., 2%% .
$ 230
Cost of one drop ........... e eeeeseeseeseecasrtttnestnnsaas $ 6.364
General expense, 10% ........cccesenincscnssecacasoiioannsanns .636
Cost ...... cecessscesans et et ateeseseiasanacactsatenaseaanenanannn $ 7.00

UNDERGROUND CONDUIT CONSTRUCTION.

The costs on underground conduit construction are derived
from the contract prices paid for this work. In explanation
it may be said that in the city in which this work was done
“politics” made it impossible to do the work in any other way
then by contract with certain contractors. The specifications
and contract prices on which the figures given here are based
are as follows:
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General Specifications.—The specifications were as follows:

(1) Multiple Duct Conduit with Concrete Protection at
Top, Bottom and Sides.—The foundation® for this conduit
shall be not less than 4 ins. thick. After the foundation has
been allowed to set, a layer of cement mortar shall be placed
upon it and the conduit laid on this cement, breaking joints.
The joints shall be made by wrapping a strip of muslin 6 ins.
wide and long enough to make 114 turns around the ends of
the pieces to be jointed. This muslin wrapper shall be dipped
into a thin mixture of cement mortar, and after being placed
on the ducts, shall be covered with }5-in. cement mortar on
top and sides. After the requisite number of ducts are laid
and the joints well formed, 3 ins. of concrete shall be well
- tamped in place on each side and 4 ins. on top.

(2) Multiple Duct with Concrete Base and Plank Protec-
_tion at the Top.—The foundations for this conduit shall be
the same as in Case No. 1. After the foundation has been
allowed to set, a layer of cement shall Fe placed upon it and
the conduit laid on this cement, breaking joints. The joints
shall be made by wrapping a strip of muslin 6 ins. wide
around the ends of the pieces to be jointed. This strip of
muslin shall be dipped into a thin mixture of cement mortar
just before being placed. A cement collar- shall be formed
over this muslin wrapper. After these cement collars have
set, fine dirt shall be well tamped in place on the sides, great
care being taken not to break the collars.

After about 1 in. of fine dirt is placed on top of the con-
duit, a 115-in. creosoted plank or planks shall be placed on
top so that the planking shall extend about 1 in. beyond the
conduits on each side.

(3) Multiple Duct Conduit with Plank Protection at Top
and Bottom.—The foundation for this conduit consists sim-
ply of 1}4-in. creosoted planking. This planking shall be
placed on the bottom of the trench on an even solid surface.
The joints shall be sealed by wrapping a strip of canvas
soaked in a mixture of hot tar and pitch and shall be 6 ins.
wide and long enough to make 1% turns around the pieces to
be jointed. The trench shall be filled with fine earth and
tamped to the level of the top of the ducts, and 1% in. creo-
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soted plank or planks shall be placed on the top of the
conduit. :

Concrete.—Concrete for manholes shall be composed of 2
parts cement, 5 parts sand and 10 parts of washed gravel or
crushed limestone. This concrete shall be mixed on a wooden
or iron mixing board or in a mixer, but in no case shall it be
mixed on the ground or street. This concrete shall first be
made by mixing the sand and cement dry and then adding
the broken stone after the sand and cement are well mixed:
then enough water shall be added to bring the mixture to
such a consistency that when tapped with the back of a
shovel the water shall appear on the surface. The cement
used shall be the Atlas brand of Portland cement or its -
approved equivalent. Sand shall be good, sharp sand, free
from loam, dirt, or other foreign matter. The crushed lime-
stone shall be of such size that all of it shall pass through a .
ring 115 ins. in diameter in every direction, and none of it
shall pass through a ring 34-in. in diameter. If gravel is used
for concrete it shall be well screened and ‘washed and of
the same dimensions as specified for crushed stone. Concrete
for duct foundation shall be composed of 1 part Atlas Port-
land cement or its approved equivalent, 2 parts fine, sharp
sand, and 5 parts of crushed limestone or gravel. This lime-
stone or gravel shall be of such a size that all of it shall pass
through a ring 34-in. in diameter and none of it shall pass
through a ring 14-in. in diameter. This concrete shall be
mixed the same as specified above for concrete for manholes.

Cement Mortar—Shall be made of 2 parts Atlas Portland
cement and 5 parts good, sharp sand, free from loam, mica or
other foreign matter.

Brick Manholes—All brick shall be first class, hard-burned
sewer brick, and shall be wet just before being laid. The
brick masonry shall be laid in cement mortar. The bricks
shall be laid in a full bed of mortar upon all sides. Every
third course of brick shall be a course of headers. No bats
are to be used in the construction of manholes.
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it Con‘t‘nct Prices.—The contract prices are as follows:

y Work—

Earth trench excavation down to 8 ft. ..$ 1.89 cu. yd

Earth manhole excavation........... . 1.89 cu. yd.

Earth trench excavation, 8 ft. to 12 f 2.00 cu. yd.

Rock manhole excavation .......... 2.75 cu. yd.

Rock trench excavation . 2.75 cu. yd.
Earth trench excavation .. 1.36 cu. yd.
Earth manhole excavation . 1.62 cu. yd.
Rock trench excavation .................. . 2.00 cu. ﬁi
Common brick in place in M. H. walls............c..oiiivuinnnn. 30.00 per
Concrete in concrete manhole...............oiiiiiiiiiiinnnnansan 7.00 cu. yd.
Concrete in manhole bottoms......... e eteececeetnectaaasanannn 4.560 cu. yd.
Old rails and beams in place....... eeteteanaet ettt eeaeatanennnn 1.85 C. lbs.
Beams, angles and rails In place..............coiiiiiiiieninnnn. 2.20 C. lbs.
MiScellaneous CONCIete .......coceecteeeecncecncccoeesosennnannns 5.00 cu. yd.
Large castings, weighing 1,100 to 1, 150 1bs. in place............ 25.00 ea.
Taking up and replacing asphalt pavement ...................... 2.25 sq. yd.
Taking up and replacing asphalt pavement, concrete base...... 3.00 sq. yd.
Taking up and replacing block stone pavement.................. .50 s8q. yd.
Taking up and replacing block stone pavement, concrete base... 2.60 sq. yd.
Taking up and replacing block stone pavement, tarred.......... .85 8q. yd.
Taking up and replacing cobblestone pavement..................

Taking up and replacing brick street pavement, old
Taking up and replacing brick street pavement, new.

Taking up and replacing flagstone pavement..........
g:kéng up and replacing old gmnollthlc pavement..............
Gravel ........ccciiiiiiiien, sesessccssessscntenans
Cement .......iiciviviiiiiiicacarnionns cecesssaae cececansee
bOr ...viiiiiiiinnnns eossaee secesscses cesessssssssvsseresrenaann
Foreman .........coiiiiiiiinnnnnnsneonsceccesassnnenns seseoneans
Team ..o.vviiiiinninnnnennseseceenennns eerenaencerantatetattaniae
o S Cereaesesaeecatecienesaiaans

Conduit Costs.—The cost of McRoy conduit in place for
three classes of construction is given in Table VI.

Manholes.—On an average, manholes are 325 ft. apart, so
that to the cost of every 325 ft. of conduit laid it will be
necessary to add the cost of one manhole, of the class used as
given below.

Concrete Manhole, Two Way.—Prices for material in place:

10 yds. earth excavation at $1.89...........cciiiiiiiiiiiiiiiiirininnes $ 18.90
5.7 yds. concrete at $7.00...... ... ... iiiiniiiiiiiiiiiiiiraeaaaiaann 39.90
400 Ibs. fron beams at $1.85 per Ccwt.......iiiittiiiiiiiieiirineeiaanans 7.40

llarge CastiNg .......oceuiirreerunseeenieeaseseossscsncansssennsnnaes 21.50

1 CONNECtiON tO SBEWET . ...uuiiivineensenerenenseaseasassssnssseannennns 20.00
100 brick for top at 8.;0 00 per M...... sesessssssecses eesesscatsnaaaannn 3.00

2 cable pulls at $0.60 ............c0unne 1.00

30 hanger sockets at 8005 cesecsesessescsscsersenne 1.50

24 conduit plugs at $0.056 ........ teseens 1.20

10 per cent incidentals, etc ........... cessevecseaane ceeresescstnsrranes 11.44

Total .........covviinnnne ceeereeaas ces000scccccstcncrasctntiannans $126.84

Note—43 sq. fL paving additional.
Concrete Manhole, Three Way.—Prices for material in place:

11 yds. earth excavation at $1.89............. Ceecaseesstnateractanaans $ 20.79
ds. concrete at $7.00...............cciiiiiiann, ettt 42.00

400 1bs. iron beams at $1.85 CWt....ouiiiiiiiiieeeieiiiieiiiiininiiinns 7.40
llarge caBting .......citiiiiiiiiiiiiiieiii ittt tteenaaanaan 21.50
1 connection to sewer....... tesesncanessvsonan teeessesssacnttanas 20.00
100 brick for top at 83000 per M......... cesessnanas cecseteratenataanns .00
2 cable pulls at $0.50................. cecsvens eecseccscesrnassnsrencas 1.00
30 hanger sockets at 8005 ..... Cereeeanes eeeenenn certeeessesaeaiciiaann 1.60
24 conduit plugs at $0.05..........cciiiiiirnetannnons eeveccsssecsrsacne 1.20
10 per cent incidentals, L] PPN 11.84
Total ..... et aeaseaennoasatstaaasetetacinttnntattttttetataeannnn $130.23

Note—48 s8q. ft. paving addltlonal
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Brick Manhole, Two Way, 9-in. Wall.—Prices for ;_naterial in

place:
11 yds. earth excavation at $1.89.

.5 yds. concrete bottom at $4.50 3
1700 brick at $30.00 per M.......... .
400 1bs. iron beams at $1.85 per cw .

1 large casting .................. .

1 connection to sewer. .. 20,

2 cable pulls at $0.50...... .. 100
30 hanger sockets at $0.05...........c.000iuuinnnnnnnan.. e .. 150
24 conduit plugs at $0.05.......... N eeereireerenasteateeaaaans feeeseces 1.20

10 per cent incidentals, etC..........cciiiiiriiiiirinirenercniraans 12.66
0 < S $139.30

Note—48 s8q. ft. of paving additional.
Brick Manhole, Three Way, 13-in. Wall—Prices for material

m place.
13 yds. earth excavation at $1.89...........cciiiiiiiiiinininennnnnnnns $ 24.57
yds. concrete in bottom at $4.50................. ... ... il 2.70
2550 brlck at $30.00 per M. .....iiiiiiniiiirieeinniiiieeeteannaanceaanns 76.50
400 1bs. fron beams at $1.85 per CWt........c.oviervierennnennoaann ... 1.40
1 large casting .................. .. 21.50
1 connection to sewer . 20.00
2 cable pulls at $0.50 .. 1.00
30 hanger sockets at $0.0 1.50
24 conduit plugs at $0.05..... 1.20
10 per cent incidentals, etc ceee .. 15.63
B0 7 N casesceccsascsas .e...$172.00

Note—48 sq. ft. paving additional.
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APPENDIX B.
MISCELLANEOUS COST DATA ON POLE LINE AND
UNDERGROUND CONDUIT CONSTRUCTION.

The following cost data on pole line and underground con-
duit construction have been compiled by the editors of EN-
GINEERING-CONTRACTING from articles published in that journal
and from other sources as named in the text.

Cost of Two Short Telephone Lines.—The two lines were
respectively 10 miles long and 14 miles long; their cost per
mile was as follows:

10-Mile Line.

Labor: Per Mile.
1.7 days foreman at $4............ ... $ 68
1.7 days sub-foreman at $3........................ 5.10
4 days climbers at $2.50.............. .. 0oL, 10.00
10.5 days groundmen at $2.25...................... 23.63
7.0 days total at $3.10.......cciivririennrnnnnenn. $ 55.53
Materials:

28 poles at $1.50. .. ... i $ 42.00
28 Cross-arms at 15 CtS.......couevrernnnnenennnn... 4.20
28 steel pingat 4 cts.......oo. i, 1.12
28 glass insulators at g4 cts.............. . 1.12
56 lag screws and washersat 1%5 cts................ 0.84

305 Ibs. No. 9 galv. wireat g.2cts............... e 12.81

Totd] materials ......... e $ 62.09

Total lafmr and material e $117.62

More than Qo per cent. of the poles were 25 ft. long; the rest
were 30 to 40 ft. in length. )

226’



APPENDIX B. 227

14-Mile Line.

Labor: : Per Mile.
2.2 days foreman at $3.50........c..viiieuieeiaannn $ 770
2.2 days sub-foreman at $3.............. e 6.60
5.3 days climber at $2.75............ [ 14.58
11.4 days groundman at $2.25...................... 25.64
21.5 days total at $2.54.........cciiiiiiiiiiiiiiinn, $ 54.52
Materials:
32 poles at BI.50. ... ...ttt it $ 48.00
32 bracketsat 15 cts........oiiiii.., e 0.48
380 Ibs. No. 8 galv. wireat g.2cts............cvvvnnn, 15.96
10 lbs. No. g galv. wireat 4.2cts...........ooiunnnn. 0.42
1% lbs. fence staples at 214 ctS....ocoveinnnieeennn, 0.04
32 insulators at 4 ctS......eeiiiiiiiiiiii e 1.28
 Total materials ..........c.ccvviviiiinrnnnnennnn $ 66.18
Total labor and materials..............ccooovien.... $120.70
2 telephones at $12.50.........ccvttiiiienenennnns $ 25.00
200 ft. office wire....... ..., 1.40

Labor Cost of High Power Transmission Line.—The line
was pole line and its total length was 9,500 ft. along a public
road. The poles and cross-arms were delivered at one end of
the line by railroad, so the average haul on material was about
one mile. The poles were from 30 to 33 ft. long, measuring
from § to g ins. at the top and from 12 to 18 ins. at the butt.

The wages paid for a 10-hr. day on the work were as fol-
lows: Foreman, $3.00; laborers, $1.50; linemen, $2.50; team
2 horses and driver, $4.50.

Hauling—The poles were hauled on a two-horse wagon,
one man assisting the driver in loading and unloading them.
Naturally a large per cent. of the cost of hauling was in taking
the poles from the cars and unloading them from the wagon.

- *The poles were of chestnut, fairly light, and 8 to 10 poles
*could be hauled at°a trip.” The cost:of hauling the poles was:

Team ........ e e e e $22.50

Laborers ........euuininiiiii i 7.50
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Digging Holes.—In digging the Loles for the poles, one man
worked on a hole. He used a digging bar, a shovel with extra
long handle and a spoon with same length handle. The holes
were dug 5 ft. deep and were 30 ins. in diameter at the top
and about 18 ins. at the bottom, making an average diameter
of 2 ft. From each hole was excavated 0.58 cu. yd. The ma-
terial was a red sandy clay, and the holes were all dry. There
were 74 holes dug. The cost was:

Foreman ................. ... ... ... .. e $17.25
Laborers ...... e teteeee e cecetccenacennsss + 55.50
Total . oirei i iie e i e $72.75
" The cost per hole was as follows: .
Foreman ...... .. ... . i it $0.23
Men .................. e i eieeaeeaeaaaas 0.75
Total ......... et ieeieeieeasereee e, $098
The cost per cu. yd. was as follows:
Foreman ........... e P $0.40
Men .. e e i et 1.30
Total .. e e e $1.70

It will be noticed that one man dug 2 holes per day.

Raising Poles—The pole raising was done by hand. A
deadman and a jenny were used, these being manipulated by
two men. The foreman or a lineman held a metal slide in the
hole for the butt of the pole to slide against, keeping it from
gouging into the side of the hole. The rest of the crew used
pikes to lift the top of the pole, and place it in the hole. The
crew consisted of the foreman, one lineman and about 7 men.

The method of operation was as follows: The pole was
rolled to the hole by means of bars and cant hooks. The slide
meantime was placed in the hole. Then the crew lifted the
small end onto the jenny which held it until the deadman was
put in place. With the pole resting on the deadman, the pikes
were brought into play, and as the pole was lifted the dead-
man was moved up under the pole until the final lift came
that sent the pole into the hole. Then it was turned and lined
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~ up, the lineman assisting the foreman in this work, after which
the refilling of the hole was done.

A record of this work was kept in detail on a number of
poles, from which it was found that the average time con-
sumed in the work was as follows:

Gettmg ready to set pole, 3 minutes; raising pole, 6 min-
utes; lining pole, 2 minutes; filling and tamping earth in hole,
1 man shoveling and 3 tamping, 10 minutes, several men
standing by the pikes to steady the pikes; movmg to next
hole, 4 minutes; total time, 25 minutes.

When everything is working well this average can be main-
tained, but a little time is occasionally lost due to unforseen
obstacles that prevent this speed. The cost of raising the
poles was:

Foreman ......... ... i $10.50
Laborers .......oiiiiiiiii i it 37.50
Lineman ... it 8.75

Total ... ..., e $56.75

This, for the 74 poles gives a cost per pole of the following:

Foreman ........ ... i i i $o.14
Laborers ........c.ciiiiiivinnnnns e ettt 0.50
Lineman .......ouiiiiiiiiiiii ittt 0.12

Total ... i i e e e $0.76

Cross-Arms.—Before raising the poles, and while the labor-
ers were digging the holes, the linemen were at work dapping
the poles to receive the cross-arms.. The cross-arms used
were 8-pin arms, two being placed on each pole. At all times
in the line, double cross-arms were used, that is, a cross-arm
was put on each side of the poles. This was the case for
nine poles. For future needs the poles were dapped in 3
places. This made 240 daps necessary. The poles, as stated,
were chestnut. The cost of dapping the poles was . $22.62,
making a cost per dap of 9.8 cts.

One lineman placed the cross-arms, the team hauling them
along as needed, and the driver acting as the lineman’s
“ground hog.” The sketch, Fig. 88, shows. how these arms
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were placed, and braced with two pieces of galvanized iron.
In all, 166 cross-arms were used. The cost of this work was:

Hauling with team................iiiiiiiiiiinnnne. $21.37
Lineman ........ . ceveess.. 0O.25
Total ..oovvvnnrnnnnnnn . 72

The high cost of this was due to the fact that the team was
charged to this work for the entire time of placing the cross-
arms, as it waited at each pole while the arms were being put
in place. The cost per cross-arm was 17 cts.

One lineman and a helper placed the insulators. The cost
of this was: '

Lineman . ... ... e $3.75
Helper ... s 2.25
Total «.oveinneinnnnnn.. e $6.00

Only six insulators were put on a cross-arm, thus making
12 to a pole, except at the turns, as the line was to carry 12
wires. In all 996 insulators were used, hence the cost per

_unit was 0.6 cts. ‘

Guy Poles—In building lines with a number of wires on
them, it is necessary to guy all poles where there are turns in’
the line, and on long straight lines some of the poles must also
be guyed. The sketch, Fig. 83, shows the method. used in
guying this line, and is one frequently used. The guy pole
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holes were dug of about the same dimensions as the holes
for the line poles. The cost was:

Foreman .........ciiiiiiuininin it iiiiiianens $1.50
Laborers ............... e e e e 6.75
Total ....... e $8.25
The cost per hole was:
Foreman .......i .. .. iiiiiiiiiiiiiiiiiiiiienns $o.17
Laborers .......couuiriiiiiiiii i, 0.75
Total ..ot e e e e $0.92
The raising of the poles cost:
Foreman ......... ... i $3.00
Laborers . ... s 9.00
Total ot . $12.00

This makes a cost per pole of $1.33. This is large, owing
to the fact that the men lost considerable time moving from
pole to pole and carrying their tools, also to the fact that each
pole had to be cut and trimmed, as these guy poles were
made from rejected line poles.

The method of placing the guy wires to the poles was as
follows: The wire was fastened to each of the two poles, and
then brought to the tightening block as shown in the sketch.
With blocks and tackle fastened to the two poles, the poles
were brought to a snug bearing and the wires were made fast
around the tightening block, shown in the sketch. The wires
go around the block in grooves made for the purpose at right
angles to each other. While the linemen and their helpers are
doing this work, the laborers are digging the anchor hole and
placing the anchor rod. To this is fastened a turn buckle, and
a wire is run from the guy pole to the turn buckle. The blocks
and tackle are then fastened to a handy tree or stump, or if
necessary to the anchor rod and the ,guy pole is pulled back,
tightening the guy wire between the two poles, while the turn
buckle is screwed up, thus making all the guy wires taut. At
times, instead of making an anchor as shown, the anchor wire
can be fastened to a convenient tree. Both kinds of anchors
were used in this case. The cost of this work was:
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Foreman .............. P $1.50
Linemen ............. ... .. i 3.75
Laborers ....coiiiiiiiiiiiiiii i i e e 3.75

TOtal . eeneeeneaneeneananns. e, S $9.00

This made a cost of $1.00 per pole, making a total cost per
guy pole of $3.25.

About one-half of this line ran through the edge of woods
or by shade trees. A few trees had to be cut down and a
nuniber trimmed ; some tall bushes were also cut down. The
foreman looked after this work part of one day when all his
force was at work upon it, but for the most part linemen were
in charge of several laborers doing this work. The cost of it
was as follows:

Foreman .......... ...ttt $ 2.25 .

Lineman ....... ... . . 18.12

Men .. e 13.I3
Total ..., e $33.50

Stringing the Wires.—As previously stated, 12 wires were
strung on the poles. The wires were light weight. The team
hauled the wire, and one horse was used in helping to string
it, the other horse standing idle. In line work, a team is
nearly always necessary, yet there are times that it may stand
idle for hours, thus increasing the cost of that item to which it
is charged. When there is nothing else for the wagon to do it
is used to carry the tools along the line as the men work. In
stringing the wire the horse pulled a rope fastened to two
strands of wire at one time, thus running out two wires, and
making six trips of the horse to string out the 12 wires. For
this work 3 linemen were used, but in fastening the wires to
the insulators only 2 linemen were used, and the wires were
pulled tight by the helpers with blocks and tackle. The cost
was:

Foreman ................. P $ 18.00
Linemen . ... ... . e 37.50
Laborers ... ... oot e 27.00
Team ... .. 36.00
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In all 21.6 miles of wire were strung and this made a cost
of $5.50 per mile of wire.

“Changing Poles—At the ends of the line, where connec-
tions were made with the old line of poles, some poles had to
be changed to make them suitable for the new service. There
were 3 of these at one end and 1 at the other. The work
consisted in taking down the old poles and puttmg in then'
place poles from 40 to 45 ft. long. " ‘Cross-atms had to be put
on the new poles, and the wires changed over to 'the new
poles. It took a half day for the crew to do each pole, thus
spending 2 days on the 4 poles. The cost of this was:

Foreman ........ ... ... i $ 6.00
Lineman ......co.utiiiiiii i e . 2.50
Laborers .............coiiiiiiiiiiii 39.00
Team ......... P . v... Q.00

Total ........ S $56.50

This gave a cost per pole of $14.12. In line work the fore-
man is always a lineman, and in doing odd jobs this fre-
quently keeps the cost down, as he will often do work that
a lineman is called upon to do. As the lineman is the higher
priced man he should be allowed to do only such work as the
helper is not able to do. 4

Total Cost.—The total cost of the entire work was as
follows:

Hauling ...... ettt e $ 30.00
Digging holes ..............oiiiiiiiiii, e 72.75
Raising poles ........... ... il 56.75
Dapping €ross-arms .............ooiiniiniiiienan... 22.62
Placing cross-arms and insulators................... 33.62
Guy poles .....oovviiiiiiiiinneinn... e 29.25
Trimming trees and bushes........................ 33.50
Stringing and fastening wires...................... 118.50
Changing old poles..............oooiniiiini.t, 56.50

Total oot $453.49

There being 1.6 miles of line built, the cost per mile for
each item was:
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Hauling ......... it $ 18.75
Digging holes ........... ... ... 45.47
Raising poles ..., 35.47
Dapping cross-arms .............coiiiiiiiaiiaaan.. 14.14
Placing cross-arms and insulators................... 21.01
Guy poles .........coveiivinnnn. et 18.28
Trimming trees and bushes......................... 20.94
Stringing and fastening wires....................... 74.06
Changing old poles.........coiviiiiiin .. 35.31

Total ..... ceeneans e ete ettt $283.43

For the 74 new poles erected this makes a cost per pole for
the completed line of $6.13.

Cost of 28-Mile Telegraph Line.—The line was 28 miles
long with 32 poles to the mile and was built in British Colum-
bia. The wire was single No. 8 B. B. galvanized iron wire.
The itemized cost per mile was as follows:

Labor: Cost.
I day foreman at $3.50........ciiiiiiiennen. $ 3.50
1 day sub-foreman at $3............... ... L 3.00
2.7 days climber at $2.50................ ... ... ... 6.75
2.5 days framer at $2.25............. .. .ol 5.62
0.7 day blacksmith at $2.25......................... 1.58
4.6 days groundman at $2............... ... ..., 9.20
12.5 days total at $2.40......... ... i, $29.65
Materials:
32 25-ft. poles at $1.25..........iiiiiiiiiii... $40.00
32 wood brackets at 1}4 cts................ ... 0.40
32 glass insulators at 4 cts........ ... ..., 1.28
.5lbs.mailsat 2l4 ctse.ooveiiiiiii i 0.12
1 1b. staples at 3 cts.... ...t 0.02
380 Ibs. No. 8 B. B. galv. wire at 5 CtS.ooiii ., 19.00
2 Ibs. tie wire at 3 CtS.....uei i innnnnnnnn. 0.06
Total materials.............. .. ittt $60.88
Total labor and materials....... e eeraeea $90 53

Cost of Excavating Trolley Pole Holes by Machine.—The
machine consisted of an ordinary flat car, at one end of which
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was stationed a hoisting engine with a small boiler under
cover. About the center of the car was placed an outrigger
that projected over the side, containing a vertical shaft about
3 ins. in diameter, which slid through a bevel gear. This .
shaft had on the bottom an ordinary screw bit 2 ft. in diam-
eter similar to that used on small hand augers for boring post
holes. Another bevel gear on a horizontal shaft meshed with
the one mentioned above and was driven by the hoisting
engine by sprocket wheel. A wire rope running through the
hoisting engine was connected with the top of the verticadl
shaft and enabled the operator to raise and lower it at will.
It required five men to operate the machine—an engineer at
$2.50, a fireman at $2.00, a foreman at $2.50, and two_laborers
at $1.75. The number of holes bored depended a great deal on
the character of the soil, but through this section (Ohio)
would average 50 a day. On the other end of the car was
placed a mast and boom with which the poles were raised and
set in the holes. This work could be done by the same number
of men and they would dig the holes and place about 30 poles
per day. One axle of the car was connected to the hoisting
engine with a sprocket chain for the purpose of moving the
car by its own power. A speed of seven or eight miles per
hour could be attained. It is stated that the machine would
have been more efficient had there been a stronger engine
connected with it. At the wages given above the labor cost
per hole for boring was 21 cts. The labor cost of digging
holes and setting 30 poles per day was 35 cts. per pole.

Method and Cost of Digging 6oo Trolley Pole Holes.—The
overhead construction was of two kinds, span wire which
needs a pole on each side of the track, and single poles with
a bracket to hold the trolley wire. This divided the work into
two groups, and the span wire construction was further divid-
ed into double and single track work. The class of material in
which the holes were dug, as well as the size of the butt of
the pole, made additional division of the work. The cost of
the work will be given under five groups.

A 10-hr. day was worked and the foreman was paid $3.00
per day and the laborers $1.50. The work was done during
the months of February to July. The gang of men worked at
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digging the holes, raising the poles, and other overhead work
during this period of time, but the cost of each item of work
was kept separate. In digging the holes, the tools that the
men used were: A digging bar, see Fig. 89a; a round point
shovel, see Fig. 8gb, and a spoon, see Fig, 8gc. The length
of the handles on these was 8 ft. The holes were spaced as
follows: For span construction on tangents, the poles were
110 ft. apart. On 12° curves or less they were from 8 to 110
ft. apart, while on curves of 150 ft. radius or less they were
spaced from 4o to 50 ft. apart.

(c) “(a) (b)
Fig. 89.—Tools for Digging Trolley Pole Holes.

Group I.” In this lot 82 holes were dug. Tt was for span
construction of 4,775 ft. of double track. The poles were from
12 to 15 ins. in diameter at the butt, so the holes were dug
about 2 ft. in diameter. The depth of the hole was governed
by the specifications, which called for all holes to be 6 ft. deep.
this depth to be in the natural ground. Hence where there
was an embankment, the hole had to be as much deeper than
6 ft., as the height of the embankment was above the natural
ground at the place where the pole was to be planted.

This is an instance of where conditions surrounding work
may change, yet specifications are not changed to suit the new
conditions. When these specifications were first drawn, all
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the poles on suburban lines of the company in question, were
not placed equi-distant from the center line of the track. In
cuts they were so spaced, but, wherever embankments oc-
curred, longer poles were used, as the poles were placed out-
side of the toe of the slope of the embankment. This pre-
vented having the poles in line, which made the line of poles
appear unsightly, and it also added to the length of the span
wire. For these and other reasons, the arrangement of poles
was changed and they were set equi-distant from the center
line on the embankment as well as in the cut. Under these
circumstances where the embankments had settled and were

EyeBoHt
A . {' 2
5! Piece of}‘,,
Te 3
&, 3'Piece
Eng-contr: gj & of Tie
&

Fig. 90.—Method of Ground Bracing Pdule.

made of good material, there was no need of making the holes
more than 6 ft., but as the specifications called for a greater
depth, the holes were so dug. They varied from 6 to 12 ft.
deep. In this group 40 pole holes were dug 6 ft. deep, the
rest being from g to 12 ft., 30 holes being of the last named
depth. The roadbed on this section was all embankment,
made of cinders and slag from a steel plant. In digging the
30 deepest hcles the cinders and slag kept running into the
holes, causing about three to four times as much material to be
excavated as would otherwise have been taken from the hole.
It was estimated that this doubled the yardage excavated from
the 82 holes. :



238 TELEPHONE CONSTRUCTION.

In order to brace the poles under ground, an 8 it. second-
hand sawed tie was cut into two pieces, one 3 ft. long and the
other 5 ft. long, and placed as shown in the cut, Fig. go. The
short piece was put in the bottom of the hole and the large
pieces at the top. This also increased the amount of material
that was taken from the holes. This extra material averaged
4 cu. ft. for each hole, and the contractor was paid extra for
this work. When holes were dug of a greater depth than the
length of the shovel handle, a foot or more of earth was dug
out of the surface of the ground at the side of the hole, and
the workman stood in this depression, thus allowing him
readily to reach with his shovel and spoon to the bottom ofe
" the hole.

The ccst of digging the 82 holes was:

Foreman ... . ... ot i i $ 27.90
LabOorers voeeeeeeeeneeneeiiiniiiiieeieenienee ou 95.25
Total oo e RN $123.15
The cost per hole was as follows:
Foreman ..........iiiiiiiiit i i i $ .34
Laborers .............. P 1.16
Total ..... eeserer aeeeccasases e $1.50

This high cost was due to the cinders as previously ex-
plained. The cost per cubic yard was:

Foreman ..........coiiiiiiieiiniiiiiiiiieaeaanaas $ .13
Laborers ......niiiii e e 47
TOtal ...\ttt $ .60

The cost per lineal foot of double track for the hole digging
was:

Foreman ......... e . .$0.006
LY =3 s NN O e 0.020
Total ..ot e e e et $0.026

Group II. All of these holes, 88 in number, were 6 ft. deep.
The poles were a little heavier than those in Group I, so the
holes were 215 ft. in diameter. Each hole had 28 cu. ft. of
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earth in it, thus making 91 cu. yds. for all the holes. This
was the first work done, and the men were not accustomed to
handling their long handled shovels.

The cost of digging the holes was:

Foreman ......... ... i $ 23.10
Laborers .......coiiieiiiiiii i 83.10
Total ..o e $106.20

This gave a cost per hole of the following: '
Foreman ........ooiiiniuniiiii i it ii e $0.27
Laborers .......ciiiiiiiiiiii i e 0.94
Total ..ot i e e, PR3 %3 i

The cost per cubic yard was as follows:

Foreman ...ttt $o.25
Laborers .......ciiiiiiiiii i e e 0.91
Total .. e e e $1.16

As there was 4,590 lin. ft. of double track, the cost of dig-
ging holes per lineal foot was:

Foreman .............i.iiiiiiiiiiiiiiiinneainnnns $0.005
Laborers ..ottt it it e e 0.018
Total ..ot e $0.023

Group III. This was span wire construction for single
track work, there being 17,160 lin. ft. of track. In all 320 pole
holes were dug. The holes averaged 314 ft. in diameter, and
were from 6 ft. to 12 ft. deep. About 20 per cent. were deeper
than 6 ft., 10 per cent. being 8 or g ft. deep, and 10 per cent.
from 10 to 12 ft. deep. From the holes 510 cu. yds. of earth
were excavated, being 1.6 cu. yds. as an average from each
hole. This large size hole was needed because the poles were
extremely large in diameter and heavy—much larger than
there were needed. This, too, was owing to the specifications,
which stated the smallest size in diameter that would be
accepted, but failed to state the largest dimensions that would
be taken. Some of the poles furnished by the timber con-
tractor were 3 ft. or more in diameter at the butt. This not
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only added to the cost of digging the hole, but also to the
setting of the poles, and other details of the work. Special
eye bolts had to be made for a large number of the poles, and
some longer cross-arms had to be obtained to carry the feed
wires.

Ten of the 6-ft. holes were dug in quicksand. These gave
some trouble, and additional expense. An expedient used in
digging these holes was to take a barrel and- after knocking
the two heads out of it, to put it in the hole. Then all the
excavation was done from within the barrel, sinking it as the
hole was dug. Thus the sides of the hole were sheathed, and
by means of a hand pump the water was kept out, while the
digging was going on. If the quicksand occurs for a greater
depth than the height of one barrel, a second barrel should be
used on top of the first. This second one should be a little
larger than the first, so it will'go down around the lower one.
The pole miist be set in such holes as soon as they are dug.

The total cost of digging the 320 holes was as follows:

Foreman ........... eeeeeeeiiatieeieareeraaaeaaaae $ 77.80
Laborers ......oiiiutiiiiiiii it it e 349.35
Total ..o i it $427.15
This gave the following cost per hole:
Foreman ........ ... . i it e $0.24
Laborers ......coiiuiiiiiii e . 1.09
Total ... e $1.33
The cost per cubic yard for the 510 cu. yds. was:
Foreman ......... ... ... ... ... $o0.13
Laborers .........ooiiiiiii 0.68

The cost per lineal foot of single track for the hole digging
was as follows:

Foreman ....c.ocoooviiiiii i, .. .$0.005
Laborers ..... e et e 0.020
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Group IV. This was for 2,188 lin, ft. of single track, a
branch of the other line. The curves were sharper, hence the
poles on the curves were closer than on the main line. The
poles were all less than 20 ins. in diameter, so the holes were
made 2 ft. in diameter. There were 64 poles, and only a few
of the holes were deeper than 6 ft. About 19 cu. ft. were ex-
cavated from each hole, no underground braces being used.
This made 45 cu. yds. excavated from the 64 holes. The cost
of digging the holes was:

Foreman .......... .. iiiiiiiiiiiiiiiiii, $ 9.00
Laborers ......vviiiviiiiniiiriitiiiaaa., '40.50
Total ... e .. .$49.50
The cost per hole was as follows:
Foreman ......... ... i e $0.14
Laborers ... e 0.65
Total ... e e $0.79
The following was the cost per cubic yard:
Foreman ...... ... .. $0.20
Laborers ......ooviuiit i 0.90
Total .. e e e $1.10

The cost per lineal foot of single track for the digging was
as follows:

Foreman ............ ... ... ... i ...90.004
Laborers ......oiiriiii i e e 0.018
Total o e e i $0.022

Group V. This was side pole construction for single track,
using a bracket made of pipe, on the pole. There were 5,700
lin. ft. of this construction, the poles being spaced about 8o ft.
apart. Only a few of the holes were deeper than 6 ft., but as
the poles were large ones the holes were 314 ft. in diameter.
The bracing blocks were used for these poles. An average
of 36.cu. ft. was excavated from each hole, and, as there were
69 holes, 92 cu. yds. were excavated.
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The cost of digging the holes was:

Foreman ..........iiiiiiiiii i i i e $12.00
Laborers .......coviiiiiiiii e 54.00
Total ... $66.00
This gives a cost per hole of:
Foreman ..........coiiiiiiiiiiiii i i $0.18
Laborers ....vviiiiiiiiii i e e 0.78
Total ...t $0.96
The cost per cubic yard was as follows:
Foreman .........coiiiiininiiiiiiiiiii i $o.13
Laborers ...........ciiiiiiiiiiiiiiiiiiiiii i 0.59
Total ... $0.72
The cost per lineal foot of single track was:
Foreman ...........iiiniiiiiiiiiiiiiii i $0.002
Laborers ........ A 0.010
Total ....... et e $o.012

A comparison of the cost of each group is shown in the
following table, also the average cost for the entire job:

Cost  Cost Cost per lin. ft.
Total per per Double Single No.

cost. hole. cu.yd. track. track. poles.
Group I ....$123.15 $1.50 $o0.60 - $0.026 ...... 82
Group II ... 106.10 1.21 1.16 0023 ...... 88
Group IIT .. 427.15 1.33 0.81 ceee. $0025 320
Group IV .. 49.50 0.79 1.I0 0.022 64
Group V ... 66.00 0.96 0.72 e 0.012 69
Average .... ..... 1.24 0.82 00245 0.0235*%

*Bracket construction (Group V) left out of this average.

It will be noticed that the cost per hole varied directly with
the size of the hole. Adding to the diameter and the depth in-
creased the cost. The cost per cubic yard was high when the
hole was small and low when the hole was large, The cost



APPENDIX B. 243

per lineal foot for span wire construction varied but little.
Naturally the single track was about the same as double
track.

*Electrical Conduit Construction at Memphis, Tenn.—
Underground conduits for electric wires are coming into such
general use in our larger cities that information concerning
the engineering of conduit work and the cost of installing
conduits must needs be useful to owners and managers of
electric lighting and other companies who may be called upon
to remove poles from the streets in certain portions of their
cities or towns and place the wires underground.

The preliminary engineering work includes the planning of
the conduit system, with the street location of ducts and man-
holes; deciding on style and number of ducts to be used and
methods of laying, locating manholes and service boxes, pre-
paring the drawings, estimating the cost of the work, and
getting matters in such shape that bids may be asked or the
work carried out by day labor under the supervision and
general direction of the company’s engineer. As the writer
recently put in about 250,000 ft. of duct at’ Memphis, Tenn.,
first planning the system,. then making the estimates, and
finally having all the work done by the day, this article will
deal with work done in this way.

The city of Memphis had already a district 115 x 34 miles
served by underground conduits. The plant of the Memphis
Consolidated Gas & Electric Co. is situated 34-mile east of
the eastern limit of this underground district, and it was
decided to install a duct system to connect the plant with that
district, so that the business portion of the city would have
electric light and power by a complete underground system
from the generating plant to the customers’ premises. For
this purpose there were required when the work began, 12
ducts for 2,300-volt alternating current feeders, 4 ducts for
soo-volt direct current feeders, 2 ducts for three-phase alter-
nating current feeders and 3 ducts on each run for distribu-
tion purposes, making 21 ducts if all were run on one street,
or 24 ducts if runs were made on two streets.

*Reprinted from an article by F. A. Proutt in Engineering News, April
14, 1904, )
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The plant is situated on Beale St., some distance east from
the south end of the old underground district. If all ducts
were run down Beale St., it would have been necessary, on
reaching the underground district at Hernando St., to run
a number of cables to the north end of the district and put in
enough extra ducts for future business. In time the question
of distributing the cables from Beale and Hernando Sts. to
their various terminals would have been a serious one, conse-
quently it was decided to make two runs from the plant, the
plant then being at one point of a triangle, as shown in
Fig. 91; and then branching one of the feeders so that three
sets of feeders are connected with the underground district
about equally distant apart. This method reqnires 24 ducts
for present. requirements.

Fig. 91.—Map of Underground Conduit System.

As the city is growing very rapidly it was estimated that at
some future time the load would be double that at present,
but if it increased more than this it would be better to put
in a duct line on another street. It was, therefore, decided
to put 27 ducts on Beale St. to De Soto St. and branch at this
point, continuing 18 on Beale St. to Hernando St., and run-
ning 18 to Monroe St. The two 18-duct runs make 36 in
place of 27, but the object of putting 18 in each case in place
of 12 and 15 was that the cost was very little more, and it
gave a choice of taking 18 cables on either run, which might
be a great consideration at some future time should heavy
business develop in some particular locality. On the Adams
St. run it was decided to put 18 ducts, making ‘a total of 45
ducts from the plant with present requirements of 24. Decid-
ing on how many extra ducts to put in is a matter of personal
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opinion and must be determined largely by the amount of
money that the ¢lectric company cares to spend.

After deciding on the number of ducts and the streets on
which they shal! be run, comes the location of manholes and
service boxes. As a general rule manholes should be placed
at all street intersections and the engineer should, with two or
three assistants, walk over the proposed duct route. One of
these assistants should carry a bucket of black asphalf paint
and the other two a tape line. Beginning at one end of the
line, a manhole should be located and a spot painted on an
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Fig. 92.—Standard Manhole and Service Box.

adjacent wall or fence to mark its center. For convenience in
distinguishing manholes from service boxes, a cross for the
former and a circle for the latter answer very well.

The men with tape line then start from the first manhole
mark, and the engineer should have a city map of some kind.
On this he locates the manholes, then the service boxes be-
tween the manholes, and marks the distances, so that when a
section of street has been gone over a rough map has been
made showing locations of manholes and service boxes and
distances between them. When construction begins the paint
marks give a ready means of finding locations.
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Manholes should not be over 500 ft. apart, unless in excep-
tional cases; but may be 500 ft. without giving trouble in

pulling the cables, provided, of course,
that the run between manholes is rea-
sonably straight. The service boxes
should be located entirely with refer-
ence to building along the route and
should be, as a rule, located so that
the center of the box is on a line be-
tween two lots on one side of the
street or the other. In other words,
all boxes should be so located that the
laterals from them may be run to the
greatest number of buildings with the
shortest laterals possible. Some boxes
may be only 8o ft. apart and some
may be 220 ft., but they will average
about 150 ft. As already stated, the
ducts were put in for running feeders
to the old underground district, but in
all underground work the distribution
system along the route should be ta-

ken care of while the work is being -

done and this is the purpose of the
service box. A manhole and service
box are shown in Fig. 92. The service
boxes, as shown, are 3 ft. square, and
deep enough to take in only the three
upper ducts of the conduit.

After deciding on the streets to be
used, the number of ducts, and loca-
tions of manholes and service boxes
as far as it is possible to locate the two
latter from the surface of the street (for
usually street paving covers a number
of obstacles to conduit work), street
maps may be got out, as shown in

rection A-t

(Enlarged.)

Fig. 93.—Example of Street Map of Conduit System.

Fig. 93 (original scale 50 ft. to 1 in.) and the estimate on the
cost of the work made up. Making an estimate on work of
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this kind is somewhat difficult, for the engineer does not know
what he may find under the paving, or what kind of weather
will prevail. These two features are very important factors
in the cost of the work.

It is a good plan for the company’s engineeer to take the
City Engineer into his confidence, as either he or some of his
employes know much about locations ef fire cisterns, water
and gas pipes, sewers, etc. In putting in the work mentioned
in this article, we found that submitting all our plans to the
City Engineer before beginning any work, benefited us, not
only in the good feeling this created, but in the fund of in-
formation to be obtained from him and his assistants, and in
the very timely suggestions he often had to offer for overcom-
ing obstacles that might be encountered in carrying on this
work. If you find out from the City Engineer which of his
assistants has been longest connected with the sewer depart-
ment, this individual can usually tell you not only how to
drain the manholes but practically where all the pipes in the
street are located. .

The very first thing to be decided, however, in making up
the estimate, is the style of duct to be used. There are several
kinds on the market; wood, cement, paper, vitrified clay, etc.
While all are no doubt good, we believe that the vitrified clay
is the best. We also think that multi-duct section is better
than single-duct section, and in our work used 6-duct secticn
and 3-duct section only. We adopted the practice of entirely
surrounding the conduit with concrete. As this is only a
protection against picks of workmen in making other exca-
vations, and also to ‘prevent- dirt from washing in at the
joints, a really good concrete is not necessary; still it should
not be too poor. We used Portland cement concrete, with
crushed rock (washed gravel may be used with good results),
making the mixture 1 part cement, 4 of sand and 8 of crushed
rock. In any ordinary ground this makes a thoroughly satis-
factory mixture. The thickness of concrete should be 3 ins.
all around the conduit. In the above mixture, the finished
volume of concrete will be practically the same as the volume
of stone; the sand and cement simply filling the interstices
betwecen the stones, and as Portland cement has practically
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4 cu. ft. to the barrel, the cost of concrete may be readily
estimated.

The next thing will be the amount of dirt to be handled,
which can be easily estimated. The price of handling will
depend largely on the disposition to be made of the dirt, and
the relative amount of backfilling as compared with total ex-
cavations. 'In laying multiple-duct conduits it is better to
make a narrow deep ditch and put the sections one on top of
‘the other, than to have a shallow wide ditch. The time
of laying will be much less in the former case, less dirt will
have to be moved, less pavement will be torn up, and less
concrete used. The top of the concrete should not be less
than 30 ins. below surface of paving. This gives room for
water and gas services, and puts a good cushion of earth
above the ducts, so that there is no chance of very heavy
vehicles crushing the duct material.

In an 18duct run made up of multiple ducts of six sections
_each, each section would measure about 9 x 13 ins., and laying
three sections one above the other would require a ditch as
follows: 3 ins. for lower concrete, 3 ins. for upper concrete,
27 ins. for ducts, 30 ins. for earth and paving above ducts, or
a total depth of 514 ft. The width will be 13 ins. for duct and
3 ins. on each side for concrete, making 19 ins. From this the
amount of earth to be excavated can be estimated and also
the amount to be backfilled.

In the work covered by this article, manholes are located
about 500 ft. apart, and the service boxes have 3-duct open-
ings, so that at any future time the secondary system may be
changed from overhead to underground without any further
duct work, except the running of lateral mains from the duct
system to the premises of customgrs. The number of ducts
provided for is approximately 75 per cent. more than the num-
ber at present required, and should provide for all future re-
quirements for an indefinite period. In fact, when the busi-
ness done in the present underground district reaches the limit
of the ducts provided, it would be desirable to run a third set
of ducts from the plant to the business portion of the city
down some other street. This is because it is undesirable
to run more than 25 cables over any one route, as the cost
of distribution from the point where the feeders strike the

-
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main underground system would, after going a certain dis-
tance, be greater than the cost of running a new set of feeders
over another street, and striking nearer the desired center of
distribution As the city increases in population, of course,
the amount of current used in the underground district will
increase and the district will be enlarged from time to time;
where pole lines have to be rebuilt, it will be a better invest-
ment to discontinue them and build an underground service.

The distances are about as follows: 1. Power plant to
4th Alley and Adams St., 6,000-ft. (18 ducts). 2. Power plant
to Beale and De Soto Sts., 4,000 ft. (27 ducts). 3. De Soto
St. and alley north of Monroe St. to 4th Alley, 2,000 ft. (18
~ ducts). 4. Beale St., from De Soto to Hernando Sts., 500 ft.
(18 ducts). In all there will be about 13,150 ft. of conduit,
with 264,300 ft. of duct, and a summary of the cost of duct
work will be as follows:

Trench and moving earth, at $1 per cu. yd. (including

backfilling, tamping and hauling away surplus)..... $ 4,550
Concreting, at $4 per cu. yd................. .. ... 4,180
Duct material, at 614 cts. per duct-ft............ vee.. 16,519
Duct laying, V5 ct. per duct-ft............. ... ... 1,321
40 manholes, $250 each (this allows $100 for the drain

from manholes).............. i 10,000
40 service boxes, $35 each......... ... ... ...l 1,400
Tearing out concrete in streets..................... 400
Replacing concrete .................. P 700
Repaving ... 500
City inspection of the work........................ ‘600
Engineering ........ .. o i 2,000
Incidental expenses (lighting, watching, etc.)........ 1,000
Tools, lumber, etc........oieiiiiiiiii i, 1,000

Total ot ii i e it e $44,170
Add 5 per cent. for contingencies................... 2,208
Total cost of duct work........................ $46,378

The total estimated cost of work was $46,378, and as the
work was done by the day we will next take up the method
of doing it and compare the actual cost of the different ma-
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terials with the estimated cost. In this way we can see the
errors made in estimating and bring out especially the fact
that in estimating work of this kind, too much care cannot be
taken in going into the special features of the work, such as
crossing streams and subways, and making connections at the
station end. Crossing streams of water is very expensive, as
a special structure has often to be built for this work, an
example of which is described later. In laying out a duct
system it is well to avoid as far as possible all streets having
concrete and brick or asphalt pavements, streets passing over
railway tracks or streams of water, and streets having car
tracks. Of course some of each must be encountered, but
often parallel street or alleys will answer for main lines of
duct systems at a great saving in cost of construction.

After making up the estimate on the work and having it
passed by the proper authorities, the next thing to consider is
whether the work shall be put in by contract or day work.
The cost of engineering on the work during construction will
be practically the same (as far as the company is concerned)
in either case. Cost of inspection will be more for the com-
pany if work is done by contract, as inspectors will have to
be employed to see that contractors are complying with
specifications, while if work is done by the day the foremen
take the place of the inspectors and are actually pushing the
work along. Materials and labor can, as a rule, be purchased
as cheaply by the company as by a contractor, but if a com-
pany cannot get the proper men to handle the work, it should
by all means let the work by contract, as day work would be
a losing proposition. If such men can be had, the chances are
that the company can do the work as cheaply as a contractor
and save the contractor’s profits. As a rule, however, con-
tract work will be the cheaper method. In our case, the
writer had had a somewhat extensive experience in conduit
work and had several men who had been employed in this
class of work for several years, so the proper thing seemed to
be to carry out the work by the day, and this plan was pur-
sued. All the items of cost quoted hereafter are exact, and
obtained from practical experience with the work.

In carrying on the work the first thing to have is a good
organization of labor. There should be: 1, a general fore-
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man; 2, a foreman of pipe layers; 3, a foreman of concrete
mixing gang; 4, a foreman in charge of digging for manholes
and service boxes; 5, a foreman in charge of backfilling and
hauling away dirt. Also, a timekeeper; this position is a
very important one, and the man filling it should be young,
well educated and thoroughly reliable.
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Fig. 94.—Portable Tool Box.

The foreman should not be an engineer, but rather a man
who has worked a gang laying sewer, water or gas pipe, or
had experience in ditching, as this man must take the lead and
keep the trench opened up. We were fortunate enough to
obtain a man of this kind at $18 per week. We have found
that a good foreman always has a big following of laborers
who will go-on the work with him, provided, of course, the

Fig. 95.—~Portable Cement House.

work will last several months. This foreman was hired a
month before work began, and was kept busy with one or two
laborers building boxes in which to mix mortar for the brick
masons, building platforms on which to dump concrete, mak-
ing gages for the ditchers (which are simply pieces of lath cut
to the width of the trench), making small platforms to put
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across the trench at people’'s gates, and wide bridges to put
across the trench at street intersections. All these must be
got ready before work is begun.

Then an outfit of tools must be made up. This, in our case,
consisted of the following:

2 dozen wheelbarrows.

7 dozen round point shovels.

1 dozen square point shovels.

7 dozen picks.
30 iron tamping- bars.
36 red lanterns.

2 axes.

6 or 8 balls of cotton cord.

25 Ibs. 20-penny nails.

2 claw hammers.

hand saws.

hatchet.

bundle oakum.

“dromedary” concrete mixers.

or 5 crow bars.

chisel bars, 3 ft.

sledge hammers.

2,000 ft. common lumber, 1 x 6 ins., 14 ft.

We had four large portable tool boxes, made as shown in
Fig. 94, and a small portable cement house, Fig. 95. The tools
also included 24 galvanized pails, and 50 ft. of 215-in. hose
with a 1-in. faucet in the end.

While the foreman was making up the platforms, contracts
were made for stone, sand, cement, water, etc. The ducts had,
of course, been ordered some time previous, or in fact as soon
as it was decided to put in the work. The following letter
was sent out to each of several manufacturers:

“We are now in the market for 45,000 ft. of 6-duct section,
making 270,000 duct-ft., and 4,666 ft. of 3-duct section, making
14,000 duct-ft.,, or 284,000 duct-ft. of underground conduit
material. In addition to this we will require 200 pieces of
6-duct section 6 ins. long; 200 pieces 12 ins. long, and 200 -
pieces 18 ins. long. These pieces are for turning curves and
finishing out at manholes.

Qb BN~ W
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“We will require the necessary dowel pins to use in lining
up the ducts. We also require that the 284,000 duct-ft. of
material be made up in 3-ft. lengths. ‘

“Kindly quote us price as soon as possible on this material
delivered f. o.-b. cars Memphis, your company to stand all
breakage that occurs in transit. The material must be thor-
oughly vitrified and glazed, and be entirely free of scales or
projections on the inside of the ducts, and all crooked pieces
will not be accepted. In other words, we want to purchase
first-class material.”

‘It will be noted that the letter calls for 284,000 duct-ft. in
place of 264,300 as estimated, the excess being intended to
cover breakages and also for some short lateral runs that it
was thought it might be advisable to put in with the balance
of the work. Even should some duct material be left over,
it would be good stock, not suffering from exposure to weather
even if carried on hand for a year or two.

It will be noted also that ducts were to be delivered f. 0. b.
Memphis, and all crooked, broken or badly glazed pieces re-
jected. When the contract for ducts was finally placed (at
5% cts. per duct-ft.) and the material began to arrive, it was
found that each car would contain from one to a dozen pieces,
out of which corners would be broken. The engineer then
agreed to accept all such broken pieces at half the price of a
sound piece. That is a 6-duct section 3 ft. long would contain
18 duct-ft. and be worth 99 cts.; but if a corner was broken
off the section, it would be accepted at 4914 cts. All such
damaged ‘pieces were used in the top run of ducts in the
trench and a piece of sheet zinc placed over the hole caused
by the corner being broken off. Duct and zinc were all finally
covered with concrete. This method of accepting damaged
pieces was considered satisfactory by all parties concerned.

All 6-duct sections were supposed to be 3 ft. long and all
3-duct sections, 2 ft. long. Owing to uneven shrinkage in
the clay, however, the manufacturers are unable to make the
material run exactly to length; some pieces would come 34
ins. long, some 35 ins. and some 36 ins. As each car arrived
it was unloaded, each piece examined and gaged, and shortage
noted. The shipper was then notified of value of shortage
and breakage and he issued a credit bill covering the amount.
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These credits run all the way from $1 to $10.50 for shortage,
and from 50 cts. to $20 per car for breakage, so that they
were well worth considering. The 3-duct sections were
‘bought 2 ft. long in place of 3 ft., as the manufacturers claimed
they could turn out much straighter material in 3-duct sec-
tions of the shorter length; as the price per duct-ft. was the
same in either case, we conceded the point.

The engineer should not reject crooked pieces, but rather
put them in a class by themselves, as they will be found most
useful in making curves where it is necessary to run the duct
line over or under obstacles that may be encountered in the
trench. * There is, however, one class of duct that should be
rejected always, and that is the section which measures gx 13
ins. at one end and 10x 14 ins. at the other. ~If accepted and
hauled to the ditch to be laid, much trouble will result from
attempting to make its big end coincide with the small end of
a neighboring section.

The specifications above quoted will be found entirely satis-
factory to the purchaser, as it gives him the authority to reject
unfit material and the shipper stands breakage in transit. In
all such transactions the engineer should be fair minded and
be willing to pay a fair price for all material that can be
utilized, thus making the shipper feel that he is at least being
honestly dealt with.

It will be noted that the duct specifications call for a certain
number of short pieces, 6, 12 and 18 ins. long. Agents selling
ducts will frequently state that their ducts can be cut like
cheese. But as short sections can be bought at the same price
per duct-ft. as long sections, it pays infinitely better to buy a
few short lengths than to find out from experience that cut-
ting a vitrified clay duct is much the same as cutting a glass
lamp chimney with a pair of shears. Following up the idea of
buying pieces of any desired length, when all our duct laying
had been completed, except evening up the ends in manholes,
we ordered a lot of short sections, 1, 2 and 3 ins. long to do
this. So that from beginning to end we decided to let the
manufacturer do all cutting for us, and we simply butted the
ends together and put in the dowel pins.

In work of this kind, all material should be purchased to
be delivered right on the work if possible. We bought 1}5:in,
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crushed stone (with the dust not sifted out), delivered on the
work, at 10 cts. per 100 lbs., or from $2.50 to $3 per cu. yd,,
there being a difference in the weight of different limestones
per cu. yd. Sand was bought in the same way at $1.25 per cu.
yd. and “Diamond” Portland cement at $2.10 per bbl. deliv-
ered. Cast-iron tops for manholes and service boxes were
bought at $1.90 per 100 lbs., each top weighing 1,150 lbs.
Hard bricks delivered on the work cost us $7 to $7:50 per 1,000
and an arrangement was made with a firm of brick contractors
to furnish us all the masons and laborers we needed at $6 and
$2 per day, respectively. Teams were engaged at $4 per day
for two horses and driver, and $3 per day for one horse, cart
and driver. Two or three private carts belonging to colored
citizens were hired at $2.50 per day, including a driver. A
contract was made with the water company to allow the use
of all the water required on the work for $50, and then per-
mission had to be obtained from the Fire Department to
attach hose to the fire hydrants as these hydrants belong to
the city. o

After all arrangements of this kind had been made, the
other foremen were employed and work was begun. For a
timekeeper we engaged a young man who had worked for us
a year and then entered Purdue University to take an elec-
trical engineering course. He was then on his vacation, the
work commencing July 6, 1903. The foreman of concrete
mixers was also a former employe, and a fellow student of the
timekeeper. The wages of these men were $2 and $2.25 per
day, respectively. The foreman who looked after manhole
and service box excavations received $2 per day, and the same
was paid to a foreman who looked after hauling dirt, while
one of our regular men at $16.50 per week saw that conduit
material was always on the ground and kept up with little
details of all kinds.

Everything being ready, a Monday morning was chosen for
the start. The general foreman lined up his men, and the
timekeeper took their names. The wagon loaded up the tool
boxes and placed them along the proposed trench line, and the
cement house was placed at a point about 300 ft. from the
starting of the trench. The sand, cement and crushed rock
men were notified to deliver material, and work was begun.
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As soon as the trench was well started, a manhole excavation
was commenced, and when this was done the brick masons
began work. Duct sections were hauled out from the storage
yard (which was located on a railway siding and rented for
this purpose at $10 pér month) on two-horse platform wagons,
two of them being kept busy all the time. The duct was piled
along beside the trench in a continuous line, at such a distance
from it as would leave room for a wheelbarrow to pass be-
tween the trench and the ducts, with openings about 50 ft.
apart in the pile of ducts to allow the wheelbarrows to pass
through. ' ‘

The mixer was of the “dromedary” type, in which the con-
crete is mixed during transportation. It held about j4-cu. yd.
and was charged as follows: A little sand is first put in, then
1)4 sacks of cement (which was all delivered in sacks), then
more sand, then the stone. A test mixture was first made of
I cement, 4 sand, and 8 stone. After this, the sand was gaged
by a mark on the mixer, the cement by the bag, and stone
enough added to fill the mixer. The door was then closed and
the mixer driven about 150 ft. to the water plug and water
enough put in to make a good wet concrete. This amount of
water was from 6 to 8 pails, depending on the amount of dust
in the stone. It was then driven to the dumping place and
dumped at these places planks being located close to the trench
and close to where ducts were being laid.

The dumping boards were platforms 6 x 12 ft., made of two
thicknesses of 1-in. pine, one thickness laid lengthwise and
one crosswise. At each outside edge of the platform was a
piece of timber 2x 4 ins., and rope handles, so that the plat-
form could be picked up and carried along as the work moved
ahead. Two platforms were placed end to end, making a
platform 24 ft. long, which gave ample room to dump ma-
terial. On unpaved streets platforms are very essential for
good work. The mixers required two mules each and cost
up to $200 per mixer, f. o. b. Washington. They are espe-
cially suited for conduit work, saving a great deal of labor in
wheeling by barrows for long distances.

The ditchers worked close together in the trench. A line
was stretched 4 ft. from the curb as a rule, and the trench run
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outside this line, each ditcher having a gage 19 ins. long (the
width of the trench) to work by. .

In laying ducts, the following method was followed: First,
the 3-in. concrete bottom was put in; then the boss duct man
and his helper got in the ditch and laid the lower run. Two
men on the bank would hand down the Sections by means of
a rope run through one of the holes. As soon as the first runs
had been started a few lengths, the second run would begin
and so with the third and fourth and fifth, taking four men
for each run or layer. The pipe used had dowel pin holes
on the outside or around the periphery of the duct, which is
the most convenient place for them as far as the duct layers
are concerned. In a 6-duct section there were six dowel holes
on each end. We only used 3 pins, however, in each end, one
at each side and one on top.

The joint was made as follows: A piece of cheap domestic

-canvas § ins. wide and 5 ft. long was laid on the bottom of
the ditch before the duct was put in position, then when the
duct sections were in place there would be a piece lying
directly under the joint. A boy followed each set of layers
and wrapped the canvas up around the joint, overlapping the
end and painting the lap with black asphaltum. This makes a
first-class joint, as the canvas is only to serve the purpose of
keeping the concrete out of ducts, and the cheaper this pur-
pose can be accomplished, the better. As about 30,000 of
these pieces of canvas were used on the work, a method had to
be devised for cutting them. The canvas was purchased in
bolts, costing 5 cts. per yd. A rough table was made with a
saw-cut in it 5 ins. from one edge, and at this edge was a
strip against which to push the bolt of cloth. A large butcher
knife was then run through the saw-cut and cloth, cutting off
a piece 5 ins. wide and the length of the bolt. This piece
was wound on a reel whose circumference was 5 ft. and a cut
through the cloth at the circumference made pieces 5 ft. long.
This method was original, simple and thoroughly satisfactory.

In an 18-duct run the method of opening three top ducts
into the service box was to put in a piece of 3-duct section at
the box in place of 6-duct section. This made the lower three
ducts pass through and left the upper three open.
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The only skilled labor employed was for laying brick. The
brick masons would lay up the walls of the manholes to the
proper height, then move to the next hole. The gang excavat-
ing manholes would then return to the hole left by the brick
masons and put up a temporary wood ceiling laying on it (and
projecting over the walls) some pieces of ald rail; they then
put a box where the cover was to be and left it. The concrete
men would then put on 10 ins. of concrete and the -hole was
complete, ready for the cast-iron cover. This concrete rein-
forced by old rails makes a first-class top. The rails cost
about $5 for each manhole, 5 x 7 ft., and the concrete about the
same amount. The manholes, Fig. 92, are not square but
octagonal in shape.

As it is the intention to use paper insulated cables almost
entirely in these ducts, and as from past experience we have
found that paper insulation will not stand sharp bends like
rubber covered cables, we decided to make the manholes of
such shape that sharp bends could not be made in the cables. "
In building manholes it is well to have a standard size, but
this standard cannot always be adhered to. In other words,
manholes must be made to suit conditions and almost any
shape will do, but by all means avoid making them too small.
A manhole should not be less than 5x 7 ft. inside, and every
manhole should be drained. We had one case where a man-
hole drain cost $300, but the average cost was less than $100. We
would, however, have put in the drains had they cost $300 each.

In carrying on this work is is well to remember that the
main point of consideration is laying ducts. Therefore let the
instructions to foremen morning, noon and night be to “lay
ducts.” Another thing to remember on quitting at night is
that next day it may be raining; therefore, prepare for the
morrow. Do not put conduit in 400 or 500 ft. of trench and
leave it with no concrete around it. Every bit of pipe laid
during the day should be covered with concrete before it is
left at night. Following up this idea we had a number of
times to work concrete men until 8 p. m. to get the work cov-
ered. For this overtime we paid them time and a half. The
consequence was that we never had. to pull out any work in
the morning, and we lost less than $100 during the whole work
on account of bad weather.
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Another thing to keep in mind is that seven or eight men
can excavate and build manholes, but it- requires 75 or 100
men to trench and lay ducts; therefore, do not excavate for
manholes faster than the masons can build them. Dig the
trench straight through where the manhole is to be; lay
ducts up to it on one side, then leave a space for the manhole
and start laying ducts again on the other side. Always start
all the duct runs even; that is, if there are four tiers of ducts,
see that in starting, the ends all even up so that they will be
flush with the manhole wall when it is built. But in ending
the run at the next manhole opening, do not waste time
trying to get the ends even, get them within 6 ins. or so and
let them stand. Have the masons, in building around these
uneven ends, leave the hole slack so that short pieces may be
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Fig. 96.—Examples of Difficult Work at Obstructions.

inserted aftef all other work has been cleared up. Do not let
masons do any duct fitting at all. A couple of men can fill in
short pieces wherever needed in a few days at the windup of
the work, while they would delay all the pipe layers, bank men
and concrete men in trying to do so when the whole work is
being carried on. .

It would be well to have ducts run in perfectly straight lines
and without dips or pockets, but this in practice cannot be
done. Perhaps the very first day the engineer will be con-
fronted by the general foreman with the information that a
24-in. water main crosses the trench and the top of the main is
only 6 ins. below the grade of the street. The engineer cannot
sit down and make elaborate calculations as to the evil results
of a dip in the duct line. While he is doing that, men are
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standing idle. He must do the best thing that can be done
under the circumstances. If running an 18-duct section, put
12 ducts over the pipe and 6 under, and put 6 ins. of concrete
on top of the ducts in place of 3 ins. Also arrange the ducts
as shown in Fig. 96 to save concrete. If the earth is well
tamped it will not settle after the concrete has set. Again,
you may strike a lot of pipes, say 4 ft. from the surface and
right close to a proposed manhole. In our case we had the
following problem: A large brick culvert crossed the ditch
about 4 ft. from the surface, also two sewers and a water
pipe. Two rows of the ducts were carried over the pipes, etc.,
and after crossing the obstructions, put back in the regular
form of run, three in a tier. Fig. 96 shows work of this kind.

Fig. 97.—Method of Carrying Duct Over Bayou.‘

In another case, Fig. 97, a bayou had to be crossed under a
bridge. This bridge was an old one and liable to be pulled
down and replaced by a new one, so the duct line must be
put over the bayou in such a way that the removal of the
bridge would not interfere with the ducts. The method
adopted was as shown: Four 10-in. channels 50 ft. long were
purchased and made up into a truss with side lattice bars. ' A
manhole was built at one side of the bridge and a pier built
at one end of the manhole, and as part of it, the manhole
foundation being 12 ins. of concrete reinforced with old rails:
A pier of concrete 6 x 8 x 4 ft. thick was built on the other side
of the bridge and the truss rested on these two piers, entirely
independent of the bridge structure. The ducts were then
laid through the truss and ducts and truss enclosed in con-
crete, making practically a reinforced concrete beam. The
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object of enclosing the truss in concrete was-to prevent the
steel from rusting.

In cases where we had about 20 sewer pipes crossing the
ditch in 200 ft., the same means were employed in running the
ducts as with the large water main. That is, one run of ducts
was put under the sewers and covered on all sides with con-
crete, then earth tamped into the top of the sewer pipes, then
a new concrete bottom put in 3 ins. thick and the balance of
ducts put in and concrete around.

It is advisable to have a report each night of the trench-feet
and duct-feet put in for the day. At the end of cach week,
when the payroll is made up, the duct-feet laid for the week
should also be made up and the price of labor per duct-foot
calculated. The greatest amount of work done by us in any
one day was 15,156 duct-feet in 703 ft. of trench. All our
trenches were 19 ins. wide, and when 18 ducts were put in the
depth was 514 ft., while when 27 ducts were put in, the depth
was 614 ft. The 27-ducts run was made up of 4 multiples of
6 each and one multiple of 3, making 5 sections of ducts in a
tier.

“ Our payroll on the work for all purposes for the 18 weeks
was from $36 to $1,279, and with $350 for preliminary work,
putting in sewer traps, evening up ends of duct lines in man-
holes, etc., the total cost for all labor was $11,525. Of the
amount, $1,424 was for labor on excavation, building manholes
and- service boxes; $2,356 for labor on sewer work, and $7,745
for trenching, mixing concrete, laying ducts, backfilling and
hauling away ‘surplus dirt. As the amount of duct laid was
251,091 duct-ft., the cost for labor was 3.07 cts. per duct-ft.
The total cost of cement used was $2,196, or practically 1,046
barrels. Of this amount there was used for brickwork in
manholes, 160 barrels ($336) ; for brickwork in service boxes,
12 barrels ($25.20), and for jointing drain pipe, 5 barrels
($10.50). This ieaves $1,824 as the cost of cement used in

- concrete.

The total amount of sand.used cost $776.54 for 635 cu. yds.,
or an average cost of $1.22 per yd. Of this sand, 74 yds. were
used for manhole and service-box brickwork, leaving 561 yds.
for concrete work, the cost of which was $684.42. The total
amount of broken stone used was 2,713,500 lbs., costing
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$2,713.50, so that the total cost of all concrete work was
$1,824 for cement, $684.42 for sand, and $2,713.50 for stone,
making $5,221.92 for practically 1,000 cu. yds. of concrete, or
$5.22 per cu. yd.

Of the concrete 118 yds. were used for manhole bottoms
and tops and service-box bottoms. The cost of this was
$615.96, leaving $4,605.96 as the cost of concrete used around
conduits, or a cost of 1.83 cts. per duct-ft. The total number
of bricks used for building manholes and service boxes was
118,000, which cost $871. There were 32 manholes and 48
service boxes built, manholes averaging 3,200 bricks each, and
service boxes 325 bricks each. Service boxes cost complete
$30.15 each, or $1,447 for 48 boxes. The average cost of man-
holes was $115, without sewer, and the average cost per sewer
was $76 for labor and $10 for sewer pipe, making $86. The
average cost of a complete manhole was thus $201. The aver-
age length of each sewer was 170 ft., 6-in. pipe being used, and
the total amount paid for sewer pipe being $309.50. Only 31
sewers were run, as one manhole was built beside an old man-
hole and the old drain sufficed for both.

The total cost for tools of all kinds and keeping same in
repair was practically $80o. The cost of city inspection was
$195. The cost of engineering was about $1,000. The amount
paid the city for repairing streets was $1,000. The cost of
various odds and ends, such as cotton cloth for covering joints,
asphaltum for painting same, dowel pins for keeping ducts in
alignment, unloading cars and various other incidentals was
$2,230.71. The steel truss for crossing the Bayou Gayoso
cost $700, and the sum of $600 was paid for new sidewalks
where duct lines ran under sidewalk, making a total cost of
$41,234.56 for all the work done, as shown by our books. ‘A
summary of the work as completed shows the following:

Length of Trench. - No. of Length of Duct.
Ft. Ducts. T Ft.

216.2 60 12,975
3,415.0 27 92,205
7,226.5 18 © 137,277

324.0 24 7,776

293.0 6 1,758

11.474.7 - : 251,001
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. The estimated amount of duct-ft. to be laid was 264,300,
while the actual amount laid was only 251,991 duct-ft. The
difference was a short run that was not put in, owing to the
city having. laid an asphalt pavement on the desired street,
and it was thought advisable to leave out this small run until
such time as its construction would be required.

The total amount of duct material bought, however, cost
$15,564, which at 515 cts. per ft., would represent 282,087 ft.
After completing the work we had in stock 28,506 duct-ft. of
unbroken material or material undamaged in any way. This
added to the amount put in accounts for 280,497 duct-ft. and
the difference of 2,490 ft. represents the loss by breakage, this
loss being less than 1 per cent. of the total amount purchased.
The loss through breakage can only be kept so low by buying
the ducts to be delivered f. o. b. at the place where they will
be used, and arranging for payment for damaged sections, as
stated earlier in this article. ’

Summing up the total results of our-experience in doing our
own construction, we find as follows:

Estimated Cost of Work.

Actual Cost of Work.

Trenching .......... $ 4,550 Labor on ducts...... $ 7,745
Concrete ............ 4,180 Concrete for ducts... 4,600
Duct material ...... 16,518 48 service boxes..... 1,447
Duct laying ......... 1,321 32 manholes ........ 3,680
40 manholes ........ 10,000 31 manhole drains... 2,666
40 service boxes .... 1,400 Duct material........ 15,564
Tearing out concrete. 400 ToOls ............... 800
Replacing concrete in City inspection....... 195

streets ............ 700 Repaving streets..... 1,000
Repaving ........... 500 Steel truss over bayou 700
City inspection ...... 600 New sidewalks....... 600
Engineering ........ . 1,000 Incidentals ........ L. 2,231
Incidentals .......... 1,000
Tools, lumber, etc.... 1,000 Total ............. $41,234
Contingencies, 5%.... 2,208

Total ............. $46,378
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In regard to the incidentals, $2,231 seems a large amount.
But it cost about $7.50 to unload and inspect a car of ducts
and there were not less than 50 cars; there were used over
40,000 dowel pins at 14-ct. each, and about five barrels of
black asphaltum paint at about $30 per barrel; we also paid
$50 for city water and about $100 to plumbers for mending
broken water pipes (where in trenching the men would occa-
sionally drive a pick through the lead service pipe). It will
be seen, therefore, that the amount would soon be made up, as
the items enumerated are on] a few of the many items em-
braced in this account.

Leaving out the cost of manholes, service boxes and man-
hole drains, it will be noticed that the cost per duct-ft. of the
work complete was $33,441.56 divided by 251,991 duct-ft., or
13.27 cts. Had we put in the entire number of duct-feet esti-
mated and also the number of manholes and services esti-
mated, our total cost for ducts would have been 264,300 X
13.27 or $35,072 for ducts, $1,206 for service boxes, and $8,040
for manholes, making a total of $44,318, plus $1,000 per en-
gineering, which item has not yet been charged in the account.
Thus at the prices paid, had the original estimate been ad-
hered to exactly, the cost would have been $45,318 and the
estimate $46,378.

One reason for changing the number of manholes was that
in certain locations before the street was opened, it appeared
as if two manholes would be required, one on each side of a
culvert, for instance, while on opening the street one man-
hole would be found sufficient, with perhaps an extra service
box.

One item not estimated at all was the steel truss over Bayou
Gayoso. This was an oversight, but (fortunately) enough
manholes were left out to more than pay for its construction.
Arother item left out was the iron pipe required from the
switchboard floor at the power plant to the first manhole.
The. cost of this will be about $800, but will not have to be
considered until the cables are to be installed. We have.
however, a large item of credit that has also not been.consid-
ered in the foregoing figures. There is 28,506 duct-ft. of new
duct material in stock, the value of which is $1,567, and this
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credit will almost balance the engineering expenses which
have not yet been charged up, and also the cost of running
in the station ends of iron pipe, which were not estimated on.

In conclusion, I would say that throughout the entire .work
we were exceedingly fortunate as to weather, labor, and ma-
terial to be excavated; and these are the three items which -
may either make or break a contractor. If all are in his favor,
he will come out ahead, while if all are against him, he is
almost sure in work of this kind to come out in the hole. We
have not enough outside data on conduit work to know
whether our costs are either abnormally small or abnormally
large, but we do know the figures given are absolutely correct
and therefore offer them to the readers of the “Engineering
News” for consideration.

Cost of Electrical Conduits, Baltimore, Md.—In 1898 the
electrical commission of Baltimore, Md., was organized to
build a conduit system for the city, and thus compel all com-
panies using the streets for poles to carry their wires, to take
down these poles and place the wires underground. Prior to
this several short lines of conduit had been laid in different
sections of the city by some of the telephone and electric light
companies, but the real work of building conduits began in
1898.

By law the electrical commission consists of the mayor, the
city register and the president of the board of fire commis-
sioners. Mr. Chas. E. Phelps, Jr., was appointed chief en-
gineer, and has continued in this position, designing and build-
ing a system that to date has cost nearly $2,000,000. Through
the kindness of Mr. Phelps, and from his reports as chief en-
gineer, we are able to give the cost of all work done from
1898 to 1903, inclusive.

All the construction work has been done by day labor, but
very careful cost records have been kept and the engineering
general expenses have been recorded separately from the cost
of construction. The organization of the department is shown
by Fig. 98, which is a chart that is self explanatory. The
materials, except those purchased in small amounts, are all
bought by competitive bidding.
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The construction work commenced March 1, 1899, the five
months previous to that date being consumed in preparing
plans and details of the system. The city conduit system, as
a whole, is divided into two general parts, first, the trunk con-
duits, which are built for the purpose of carrying trunk lines
and feeders, whether for telephone, telegraph, electric light,
street railway or other service, located generally in thorough-
fares, feeding different sections of the city. These trunk lines
are laid out to serve these several territories by the most direct
and feasible route. Second, as the system was originally de-

. signed, the central or congested district of the city was laid

out to be served entirely underground, with underground con-
nections, in each separate building. Extensions to this terri-
tory have been necessary. Figure g9 shows the service and
distributing conduits on a section of a single street.

¥

Eng-comtr
Fig. 99.—Service and Distribution Conduits on a Single Street.

A high standard of work has been aimed at throughout the
construction. Vitrified terra cotta conduit has been used in all
conduit lines. This conduit is enveloped in concrete, which
for the year 189y and a part of 1900, was entirely of Rosendale
cement. I‘or the remaining period Portland cement has been -
used.

In 1899 the uniform thickness of this enveloping coat of
concrete was 3 ins., except in a few cases where the bottom
was made 4 ins. Since then the thickness has been increased,
the sides and top being 4 ins., while the bottom has been from
4 to 6 ins. In all soft ground the bottom concrete has been
reinforced with steel rods. The mixture. for this work has
been generally 1-3-6. The mixing has been done by hand
only to a limited degree, the greater part of it being done with
a dromedary mixer drawn by a horse. The concrete is
dumped on the ground by the mixer alongside the trench, and
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shoveled into place by the men laying the conduit. No forms
are needed for this concrete under ordinary circumstances.

At the very beginning of the work, the joints where the con-
duits knitted together were wrapped with burlap 6 ins. wide,
saturated in liquid asphaltum compound. The difficulty in
making air and gas tight joints has always been recognized,
and while continued efforts are made to secure this, it is
realized that so far as gas is concerned, the best result obtain-
able is to minimize its entrance into the system.

s

2]

Sections A-B.

Fig. 100.—Standard Plan of Brick Manhole.

Experiments along this line carried on during the year 1899
resulted in a composition of North Carolina pitch tar, refined
asphalt and wax tailings, which has proven thoroughly ser-
viceable. The use of burlap was entirely discontinued and
cheesecloth substituted, the method of applying the joint being
to paint the end of the conduit pieces with the hot compound
where the wrapper is to be applied; the wrappers are rolled
up and saturated in the hot compound and wrapped on while
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hot. This joint is expensive, but it is believed that the results
have justified its use. :

In the construction of all lines of conduit, two.or three fiber
pipes, depending upon the importance of the line, are laid in
the layer of top concrete for the purpose of providing some
ready means for arc lights or similar connections from a
point of the line remote from a manhole without building an
extra manhole or breaking the line of vitrified pipe.

Manholes on trunk lines are all constructed of large size.
A small conduit line, say of twelve ducts, would have a man-
hole, elliptical in plan, of a minimum of 5x8 ft., and of a
suitable depth, depending upon the grade of the conduit, the
minimum being 6 ft. The size of the manholes increases with
the size of the line up to a plan section of 7 x 14 ft., which

Gk ]
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Fig. 101.—Diagram of Concrete Manhole.

would be suitable for the largest line built, namely 2 line of
81 ducts. Fig. 100 shows a standard plan of a brick manhole,
with various styles of roof forms used. Similar manholes
have been built of concrete.

On many of the important lines of conduit where it is
possible for the operation of workmen in the streets to result
in damage to the manholes, it has been the practice to con-
struct the manholes of standard form, but of larger propor-
tionate width, building one-half of the manhole a distance in
advance of the other half along the line of conduit, so that
lateral connections may be made from either half of the man-
hole either way without the necessity of crossing cables.
The diagram of such a manhole built in concrete is shown
by Fig. 101. In building manholes it has been the practice
to clear all obstructions so that no pipes or other obstruc-
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tions pass through the manholes. Thus nothing appears in
the manholes except the cables for which they are built.

For concrete manholes for junction boxes and for distribu-
tion boxes, sectional wooden forms are made in a substantial
manner, and these forms are used over and over again. In
this manner the cost of forms has not been material.

In the central districts of the city it has been necessary to
under drain, during construction, practically all lines of con-

Sectin 4B Section €0
Fig. 102.—Distribution Boxes.

duit, and the presence of tide water and the poor condition
of small house drains in the street has necessitated making
special provisions. There being no system of public sewers,
and the storm water drains being on such shallow grades, it
has rarely been possible to drain manholes by gravity. All
manholes in the central district are drained by means of
ejectors, operated by water pressure from the city thains.
The practice followed has been to construct a sump in the
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center of the floor in each manhole of sufficient size to contain
a valve operated by a float which controls the supply of
water into the cjector. This is necessary to lift the water
to a grade where it can flow by gravity.

The distributing system consists uniformly of a r10-duct
laid 2 ducts deep and 5 ducts wide, encased in 4 ins. of Port-
land cement concrete, the earth covering being almost uni-
formly 19 ins.; the conduit line opening at intervals into
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Fig. 103.—Junction Boxes.

service boxes which, when in sidewalks, are of terra cotta,
circuldr in form and 36 ins. in diameter, having walls 214 ins.
thick, and a cast iron frame § ins. in depth to allow for side-
walk paving.

The main conduits, or trunk lines are laid in the streets
or alleys, but many of the distributing ducts are laid under
the sidewalks, and frequently on both sides of the street. The
house connections are of fiber pipe, each connection consist-
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ing of two 2-in. and two 3-in. pipes; in some of the original
work 1Y2-in: pipes were used for service connections, but the
increase in size of service cables made it unwise to continue
the use of this pipe.

Distribution boxes, see Fig. 102, in the street proper, are
built of brick or concrete, elliptical in form. These boxes
have a frame casting similar to that used on manholes, but
smaller and lighter.

At the intersections of distributing lines, junction boxes
are built of concrete or brick, see Fig. 103. On distribution
and junction boxes of all types, the frame casting is set
directly on the walls, no special roof construction being
required. )

The digging of the trenches is all done by hand. The
trenches for the trunk line vary in width and depth. In
depth they run from 3 to 12 ft. deep, being on an average of
about 6 ft. In width they run from 2 ft. to 4 ft. For the dis-
tributing conduits the trenches are all of the same depth,
about 3 ft., and they are about 2 ft. wide. In the cost of
excavation are included labor (both men and teams), timber-
ing, drainage, clearing away obstructions, backfilling, in fact
all the cost of excavating from tearing up the paving to turn-
ing the ditch over to the pavers. In many sections of the
city, trenches 5 ft. or less in depth need but little timbering.

The foregoing describes the general conditions of the work
and illustrates the method and plans used. A careful and
well devised system of unit cost keeping is employed and
from these records the following costs for 7 years of work
have been compiled. In considering them the organization
of forces and the cost keeping system must be explained.

The system followed in organizing the work has been to
divide it into two principal parts: First, the part known as
“General Expenses and Monthly Payroll,” and, second, “Con-
struction Costs and Weekly Payroll.” TUnder the latter is
charged all costs and expenses which would be borne by the
contractor were the work done under contract; under the
former heading is charged all items of salaries and ex-
penses which would represent the cost to the city of adminis-
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tering the work and doing the necessary engineering were it
done under contract.

Referring to Fig. 98, showing the organization chart, the ex-
penses of organization and monthly expenses include the
headings of “Plans and Data” and “Office and Records.”
“Construction” and “Paymaster and Records” go to make up
the construction cost, with the addition of materials. The
items of “Operating and Maintenance,” “Cable Inspection”
and “District Inspection,” are separate accounts that do not
enter into the cost of construction. :

All foremen and regular employes are charged under their
specific subdivisions as governed by the plan of the organ-
ization. Watchmen and similar expenses in construction
which cannot be readily subdivided, are charged under the
general head of “Weekly Material, Tools and Labor,” which
is an expense account.

Labor is checked out and is designated by numbers, and
also by letters, indicating the particular subdivision under
which it will be charged, the man himself carrying a brass
check showing the number and letter. Each laborer also
carries a time ticket for each week, on which is punched by the
timekeeper, four times each day, the hours at which time is
taken. In this way the man carries his own time, and any
dispute with the timekeeper is avoided.

All material as purchased is charged to the “Storeyard Ac-
count,”” under the subdivision “Weekly M. T. & L., and,
when used upon the work, is then charged to the particular
subdivision in which used, and credit given the storeyard.

A man is sent tb each construction gang, termed a “line-
man,” whose duty it is to be the connecting link between
“plans and data” and ‘“construction,” or, in other words, he
reports upon printed blanks daily to the chief clerk the labor
in each subdivision. In addition to this, he records the
dimensions, both with regard to the construction work
proper, and also all foreign structures met with in the course
of the work. These latter data are turned in to the chief
draftsman, where after being checked, they are entered in
colors upon permanent plats drawn to the scale of 20 ft.
to 1 in.
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All of these reports are tabulated in the office and monthly
summaries made. Permanent entriés of the costs under each
subdivision are made at the end of each month.

Up to January 1, 1906, the summary of all conduit con-
struction was:

TaABLE I.——WaGBs Paip LaBor.

Rate | Rate Rate Rate | Rate Rate Rate

Rate per per per Rate per pcr | per hour, | der

Year. ?cr hour, | hour, | hour, | hour, | per hour,{ hour, | hour, 2-horse | h~er,
oreman. ggng pavers. | brick- | rammers. | carts. pipe teams. | lator.

S8, layers. layers.

1899 | $0.374 [$0.31}| $0.433  $0.43%| $0.31% ($0.31% | $0.25 |.. ... “...|80.203
1900 .37% .31% 431 L4312 .31% .28% .25 so.g;} .20%
1901 .37% .31% .43% :g! .31% .28¢ .25 Juné4% .203
1902 37 313 .43 April5 2 .81% .28% .25 :38 .208
1903 | April10 | .31 .43 .50 .31% .28 .25 | August21| .20
T3 t tog .zs} T s
1904 .43 .31% . .43% Julyul; .31% Apx}lus .25 .453 .203
1905 431 313 A "fas* A :’?esi A's'll*s .m 25 @ | .20

. . ri pri pr. . . . .2
P7s0 | “TTez24| a7y b 20

The wages paid to men and teams are shown by Table I.
Table II shows the prices of materials for each year.

In addition to materials, Table III also shows the cost of
tools. In the third column from the end will be found
“amount charged to depreciation, breakage, material and
tools.” In addition to the ordinary breakages and waste of
material and tools, it has been the custom_ to charge off each
year 20 per cent. on the heavier construction equipment.
Such small tools as shovels, picks, etc., the actual deprecia-
tion is charged off, because of the short life of such tools.
The comparatively large amounts charged off in 1904 and
1905 are accounted for by reconstruction of the conduits in
the burnt district, where a much larger percentage of material
was naturally lost. It will be remembered that in February,
1904, Baltimore suffered from a fire that destroyed a large
section of the business part of the city.
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The effect of this great fire on the conduit system was quite
surprising, as it did but little damage. The trunk lines and
the cables in them were uninjured, in spite of the intense
heat and the enormous weight of debris, consisting of
masonry and iron that fell on them. The piles of debris in
some cases were 10 and 12 ft. high. A few service box covers
were broken by falling walls.

Likewise the distributing system was uninjured except in
a few places caused by gas explosions. When it is remem-
bered that only 19 ins. of earth covers these conduits and
they are frequently broken by service boxes, it is a matter of
surprise that the conduits were not injured. The cables in
them were only jinjured where they entered the destroyed
houses. '

As gas pipes were broken throughout the entire burnt over
area, there was apprehension that gas would collect in the
system and explosions occur, but so well had the ventilation
of the system been planned, that no serious trouble of this
kind occurred, the operating department taking prompt steps
to prevent the gas from collecting in the system.

Nevertheless the fire caused much extra work to be done as
the pole and house connections were destroyed, and not only
new ones had to be made, but in rebuilding the city, many
changes were necessary to meet new conditions. The cost
of this work shows up in the tables under the years 1904
and 1905. .

Table IV shows the details of the construction account,
giving the duct feet of conduit laid, divided into terra cotta
and fiber, also the number of manholes, service and junction
boxes, house connections, and also special construction work,
which is paid for by parties ordering it. The cost per duct
foot is given.

Table V is a general summary of all the costs of work for
_each year, taken from ledger accounts shown in cost per duct-
foot. Under “General Expense and Monthly Payroll” are
given the expenses that would be known as the administra-
tion expenses of the commission having in charge the work,
and engineering expenses, if the work was done by contract,
while under “Construction and Weekly Payroll” are given



InwErAL CoNsTRUCTION ACCOUNT.

tal Construction on Special Account.
. feet : GrandTotal
jand | & Duct feet. | OBl g ] 2 = % duct feet
& D. b _§ 2 2% 3 & & 3 -g n-
on- gug- s O s o B o ) L structed
cted, Terra 85|80 By | S | L LE] '3
33| Coma | Pbre | Totl |IBISH e CEoE|GE|2E(SE &
Z5 ZR|Z2Z5z8 | <8 |8 |m8|&8 | X
.698.3 | .1804¢ 1,968.
,020.2 (.2323 | 76,101. .
440.3 |.2200 | 1,377. .80
.679.9 | .1807 | 7,689. .20
.441.8 (.2360 | 6,444, .80
356.7 | .2160 | 54.580.8 .50
040.8 | .1848 | 82,347. 408 .30
672.9 | .2000 (230,405.8 | 106,495.78 | 836.901.53 12 | 28 (141 250 | 40 | 11 5 | 32 |5,647,574.43
4 or GENERAL ExpENSE AND CONSTRUCTION.
t and Weekly Pay Roll. 'l;elrmxf:- L%grﬁt ’Egtal
ne
Weekly|Connec-|Connec-|stract'n Total cost for each year.
les. Conduit| Paving |M. I’f tions. | tions. [exp
Per Per Per Per Per Per Per | o nstruc-| General Prelim-
le. | duct | duct | duct | duct | duct | duct | duct istruc- | Lsen inary | Totals,
7€ | foot. | foot. | foot. | foot. | foot. | foot. | foot tion. - | expenses. | oypenges.
36 2 0778 8 0124 (... ...|... ..., 81 .181 .0187 .0081 .2048
96 0219 0825 0102 | .0245 |.......|....... 1976 L1975 .0279 .0147 .2401
63 0378 0736 0103 | .0283 0054 | .0026 2145 2148 .0244 0103 .3402
06 0166 0711 59 | .0206 .0085 1689 689 .0288 .0185 L2112
‘90 0475 | .075 013 .0312 | .0036 | .0014 | .2646 2646 .043 .0151 . 8227
81 0274 08 0141 | .0608 |.......]....... 2328 2328 .046 L0117 .2908
63 0 0438 9 0206 (.......|....... 1701 170 .0436 0082 .3219
0252 | .0726 | .009 .0208 | .0009 | .0012 | .1926 1926 .0294 .0008 .2818
e L0794 | .008 |.......[..... Y I .15832 1582 .0187 .0081. 1770
70 0492 | .0778 | .0178 | .0208 [.......|....... .3717 L2771 .0279 .0147 .8197
70 0372 07 . 008: L0138 [.......}.... .| .224 .224 .0244 .0108 .3587
81 0312 0601 | .0125 | .0124 |. weoloeeia] L2011 .2011 .0288 .0135 .2434
54 0326 075 L0237 | 0874 |.......]....... 2717 L2717 .043 .0151 .3298
81 0456 | .0603 | .0177 | .0142 0038°| . 0019 2284 .2284 .046 .0117 .2861
95 .0433 | .0286 | .02 003 .0006 246 .246 .0436 .0082 .2078
.0421 | .0663 | .015 .0154 | .0014 | .0006 | .2273 2273 0294 .0098 .2664

r or LaBor at Unrr Costs.

1y Construction expense and
weekly pay roll.
f Average total unit cost at end of year.
kly Pole con- Arc light. | Grand total.
'& L. nections, R
Far. Labor P. | Labor L. Labor.
Trunk. 8.& D - | Gen. Exp. | Prel. Exp.| Total.
rent. Per cent. Per cent. Per cent. '
g ................ PR 48 .181 .0187 .0051 .2048
........................ 45 .1854 .0215 .008 .3149
52 39 38 1896 .0223 .0086 .2205
60 56 42 1869 .0284 .0094 .2197
58 69 51 1954 .0252 0099 .2308
g ................................... . 1964 .0271 0101 .2336
........................ 54 1926 .0294 8 2318
;—
B
...... 1582 .0187 .0051 177
2564 .0216 .008 .28
2807 .0228 .0086 .3616
2224 .0233 .0094 .3851
2226 .0251 .0099 .3576
2252 .0270 .0101 .2623
B 2272 .0204 . 0098 .36
H
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’

the expenses that would be the contractor’s cost. It will be
noticed that the general and monthly expenses.are divided
equally between the trunk and distribution conduits, while
the construction expenses are actual figures of cost for each.
Under monthly and weekly “M. T. & L.” are listed all items
that cannot be readily distributed. In the column headed
“Preliminary Expenses” are expenses incurred in planning
and designing work for the succeeding construction period.
Under “Organization” is listed the expense of the commis-
sion and the chief and assistant engineers. At the end of the
table is given the cost per duct foot for each year, showing
the cost of construction, the preliminary expenses, and the
general expenses, including the engineering supervision.

Table VI indicates the percentage of labor on the total cost
under each subdivision of the work. This account is kept for
readily analyzing the unit costs given in Table IV.

TaBLe VII.—NuMBEr CuBic YARDS OF EARTH EXCAVATED EAcH YEAR.

Year...| 1899 1900 1901 1902 1903 I 1904 1905 I 190§| 1907
Totals..| 31007.74{ 11862.44' 7155.22| 6/61.07, 11590.45|l720.73 15478.20‘0084.8355087.18

SHowinG CosT PER CuBIC YARD oF EARTH EXCAVATION FOR EacH MONTH. &

Month 1899 1900 1901 1902 1903 1904 1905 1906 | 1907

OB NI DO B SO DD B =

i
'; cea

Table VII shows the cost of earth excavation. All the
material is earth, but it varies much, there being sand,
loam, clay, debris of made ground, and black mud. These
_costs, as .stated, include timbering, drainage, clearing away
obstruction, backfilling and all items of digging and finishing
the trench to be turned over to the pavers.

The item in July, 1904, of $32.02 per cu. yd. was especial
emergency work, caused as a result'of the fire of 1904, and
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bears no relation to the general work, being given to com-
plete the record. The cost of excavation is not only given
for the years of 1899 to 1905, inclusive, but also for 1906 and
up to June, 1907.

The average cost of the trunk lines for thc entire construc-
tion period is given below per duct-foot for each item, and
also the per cent. that each item is of the total average cost:

Per duct Per
oot , cent.
Organization $0.0088 3.8
ce .......... 0.0048 2.1
Plans ........... 0.0048 2.1
Month M. T. & L.....o.ooiiiiuiiiiiinnnneennnns .. 0.0110 4.8
Preliminary EX. .......ccoiiiiiiiiiiiiiiiiiiiiinanns 0.0098 4.2
Excavation ........... ... iiiiiiiiiiiii i 0.0462 19.1
CONCTete .......oiiiieiiiiiiiiiieennnneeeennannnnnns 0.0182 8.
Manholes ............iiiiiiiiiiiiiiitreiiateiiiians 0.0252 10.9
Conduit ...................0n .. . 0.0726 31.4
Paving ........... 0.0090 3.9
Weekly M. T. & L 0.0203 8.8
Terminal Pole Con. 0.0009 0.4
Arc Light Con 0.0012 0.5

TOAL . .vovenreeereseeeieeeeeereeaerernenns $0.2318 100.0
The average cost of the service and distribution lines item-
ized with percentages is also listed.

Average itemized cost of service and distribution lines:

Per duct Per

foot cent.

Organization ........................................ $0.0088 3.3
......... 0.0048 1.8

Plan ............ .0048 1.8
Monthly M. T. 0.0110 4.1
Preliminary EX. ... .ottt 0.0098 3.7
BExcavation ......... ... i it 0.0683 21.4
CONCTete ........oiiiiiiiiiiieenneerssonsernnennnnsns 0.0281 10.6
Manholes . e .. .. 0.0421 15.8
Conduit 0.0663 24.9
Paving ............. 0.0150 5.6
Weekly M. 0.0154 5.8
Terminal Pole Con. . -0.0014 0.5
Arc Light Con....ooviiiiiiiiiniiiiiiiiiiiiiescennnns 0.0006 0.2
Total ...t e $0.2664 100.0

It will be noticed that the cost of the conduit material
runs from about 25.to 30 per cent. of the total cost.

Cost of Constructing Conduits in Subway Retaining Walls.
—The following are cost data on the construction of tile con-
duit embedded in concrete side walls for subways in New
York City. .

Atlantic Ave., Brooklyn.—The ducts were of standard 3-ft.
length, having an inside diameter of 314 ins. Multiple duct
conduits were laid, being for the most part, four-hole pieces.
The following clauses from the specifications indicate the
character of work required:
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“Ends of the duct holes will be slightly bell mouthed. In
case four-hole conduits are adopted there will be dowel holes
left at each end, and contractor shall, when erecting same,
insert iron dowels with central washer into the dowel holes in
each joint, for truly centering the sections. These dowel
pins shall be furnished by the contractor. Wooden stoppers
shall be placed in the free ends of all ducts when the work
is left at night, when sections are complete, or at other times
when required.

“Contractor will unload all copduits and will stack, store,
distribute and erect same in accordance with the drawings
and specifications.

“In erecting conduits, the sections must be kept in perfect
alignment throughout, and wooden mandrels, 3 ins. diameter
and not less than 4 ft. long, shall be threaded through the
holes and remain in place until the surrounding masonry has
set solid. These mandrels shall have fitted to the ends a
spring steel tube scraper with flue brush behind same for
thoroughly cleaning out any foreign matter existing in the
duct. :

“Butt joints of conduits shall be broken at every tier half
the length of section, or as may be specially required by the
engineer. Every butt joint shall be lapped around with two
laps of No. 6 cotton duck canvas, burlap or cheese cloth, 6 ins.
wide, laid 3 ins. on each abutting section, and the canvas,
burlap or cheese cloth, shall be dipped in neat Portland
cement grout immediately before lapping.

“Every tier of conduits is to have a layer of Portland
cement mortar laid on top, in which the next tier is to be
bedded, even and fair. In filling concrete or other masonry
around conduits the same must be worked up evenly on each
side so that no distortion of any kind may occur in the
finished conduits.” '

The conduits were unloaded from boats, hauled about 1%
miles, and piled up ready for use. The cost of unloading, haul-
ing and piling was 0.8 ct. per duct-ft.; and, as a duct-foot
weighs about 8 lbs., this is equivalent to $1.30 per ton. La-
borers received 15 cts. an hour; team and driver, 45 cts.
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The cost of laying conduits during the year of 1903 was
as follows:
Duct-ft. Labor, . Pay- Cost per

laid. days. roll.  duet-ft.

January ............ 1.942 " 10 $ 15 0.8¢c
February ........... 1,636 9 13 0.8c
April ... ... L. 4.512 32 55 I.2C.
May ................ 30,563 154 254 0.8¢
June ...l 37.715 205 357 0.9c
July ..o 27,893 179 288 1.0C
August ............. 15,293 92 142 2.9¢
September .......... 14,170 63 108 0.8¢c
October ............ 10,037 43 74 0.7¢

Total ... ......... 143,851 787 $1,316 0.9¢

From this it appears that the cost of laying was a trifle less
than 1 ct. per duct-ft., and that the average wages were $1.66
per day of 10 hrs. This is the average of the common laborers
delivering ducts and the skilled men laying ducts. It required
150 bbls. of Portland cement to lay the 143.851 duct-ft, or
1 bbl. per 960 duct-ft.

During the year of 1904, there were 227,600 duct-ft. laid,
requiring 240 bbls. of cement, and 975 days labor. The aver-
age wages paid were $1.71 per day, and the average cost was
0.8 ct. per duct-ft. for laying. During the best month, 30,700
duct-ft. were laid at a cost of 0.6 per duct-ft. for laying, which
indicates that the workmen were not very efficient during the
previous months.

Rapid Transit R. R., Manhattan.—The following miscel-
laneous records have been secured. The cost of materials for
123,483 duct-ft. was as follows:

123,483 duct-ft.,, at 474 cts........ .o, $5,556
6,000 sq. yds. burlap, at 425 cts.............. ... 270
275 bbls. Portland cement, at $1.58............... 435

68 cu. yds. sand, at 50 cts.............. teeeaeees 34

13 sets mandrils, at $2............... e eeea 26

Total, 123,483 duct-ft.,, at 5 cts........... chreene .$6,321
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One barrel of cement was used for every 440 duct-ft. As
an average of a large amount of work the following data
were secured: 100 duct-ft. required 0.22 bbl. cement, 0.053
cu. yd. sand and 4.86 sq. yds. burlap. The conduits used were
4-duct pieces in 2-ft. lengths, 9 ins. square, built up in ad-
vance of the concrete side walls which surrounded them. On
one section of the subway wheére some 500,000 duct-ft. were
laid the labor cost of laying was 115 cts. per duct-ft. On
another section where 60,000 duct-ft. were laid the cost was
25 cts. per duct-ft. Wages were high; bricklayers at $5.20
per day doing the work.
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Bridge, Definition of............ 37
Making, Method of.. .

Underground, Cost of.
Making, Directions for
Straight, Definition of

Making, Method of........ . 40
Strali t-Bridge, Definition of... 37
ing, Method of........... 44
Cable Splicing (See also Cable
Splices).
Aerfal Cuts .........c.icieieenn. 45

Changing Count .
Characteristics ..

Classification of Splice . 36
Costof .......oovvvnnnn 56, 195
Aerial Cuts ....... . 62
Bridge, Aerial ............... 58
Onto Working Cable........ 58
Bridge, Underground Onto
‘Working Cable ............. 59
Changing Count ............. 61
Connecting Cable to Distrib-
uting Rack ................ 62
Potheads .......c...e00 cevees. 62
Straight, Aerial .............. 57
Straight-Bridge, Aerial....... 59
Onto Working Cable........ 60
Straight-Bridge Underground 60
Onto Working Cable........ 61
Straight, Underground ....... 57
Underground Cuts ........... 62

Cable Splicing.

Costs, Method of Figuring...... 56
Directions for ........ [ 39
Materials Employed ..ccveeeeees 37
Order of WorK.....coovveecocenn 51
Potheads .....ccocevvscscececcns 46
Sleeves for, Sizes of ............ 38
Toll Cable to Cable Terminating
in Loading Coil........cceccux 45
Underground to Distributing
Rack Cable .......cccecveenen 4
Cement House, Portable.......... 251
Changing Count, Definition of.... 44
Method Of .....occvevesceenennns 44
Concrete, Mixing, Cost of......... 134
Srinkage of ......ccccc00ecacans 153
Conduit Construction
Concreting, Methods of........ 88
Construction Details ........... 8
Cost Keeptng Methods, Hints on 73
CoSt Of ...covvuvnennncaasacannnnn 223
Baltlmore, Md., .coveeaannzannn 275
McRoy Tile ....... ....111, 114
Aurora, Il 127
Evanston, Ill._.......... .116
Irving Park, Il....... .118

Maywood, TiL
South Chicago, II..
‘West Pullman, Il
Memphis, Tenn. .
Pump Log in Cities..
Rapid Transit Raillway
Sewer Tile Lateral in Cities.115
Costs, Method of Figuring .1
Methods of Keeping.....
Formation of Cross-Section....
Installing Conduit, Methods of
Laterals, Sewer Tile
Materials Employed -
McRoy Tile. Materials and La-
bor, Quantities and Cost of..158

Methods of, Baltimore, Md..... 265
Memphis, Tenn. ............. 243
Organization of Working Force. 76
Plugs for Conduit............... 91
Pump Log, Methods of.......... 90
Sewer Tile Lateral, Methods of. 89
Specifications for ............... 220
Tile for, Cross Section of....... 78
Trenching, Methods of.......... 85

Cost Data, Collecting, Memoran-
dum Book for...................
Method of ......covvevvinnnnns
Reporting, Forms for
Forms).
Method of .........ccocuunnnn
Cross Arms, Construction, Stand-
Cost (03 S .. 20
Removing, Cost of.............. 70
Method of ......cvvuveennnnn. 64
Replacing, Cost of........... ...
Drops, Cost of.....
Estimating, Forms for........... 1
Methods of
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Forms, Cable Construction Costs. 34
Cable Splicing Costs.......... 562, 55
Conduit Construction Costs.102, 109
Pole Line Costs...... 8

Removing Old Line, Costs ...... 67
Fusing, Cost of................... 152
Guard, Chafing for Cable.......... 28
Line Construction, Cost of........

...................... 147, 148, 159

Costs, Methods of F lgurlng .....

Definition of ................... 1
Line Orders, Cost of.......... 22, 150
Lost Time, Proportioning, Meth-

Od Of . .ieeiiiiiieiiiinnneannnns 13
Materials, Unloading and Disti1ib-

uting, Cost of................ ...153

Messenger, Cost of.

Specifications for .
Splicing, Method of..
Mortar, Quantity Roqui

000 Bricks ...............0.... 153
Shrinkage of ..................
Pole Line, Cost of...............
Exchange Poles .......... [ 202
Farm Line Poles......... eee 214
Toll Line Poles................. 210
Pole Line Construction, Wages of
I1AbOr ........iiiiiiiiiiiiiia.

Poles, Cost of..
Depths Set .........
Framing, Method of............ 1
Ground Brace, Construction for 2
Kinds of .........cooiiiiinnnnn

Moving, Cost of........... eeeen 71
Removing, Cost of.............. 69
Method of ................... 64
Sfzes of .........iiiiiiiiiiian, 1, 2
Spacing of ..................... 1, 2
Terminal, Equipment for....... 28
Equipping, Cost of........... 35
Renewin%. Cost of............ 72
Wiring, Cost of............... 35
Method of .................. 29

Pole Seats, Attaching, Method of. 30
Potheads, Maklng. Method of..... 46

Push Pole Braces, Construction.. 5§
Cost Of ...ooiiiiniiiniiinnennnnen 22
Reconstruction, Definition of..... 65

Removing Old Line, Cost of..... 67

Method of Figuring........... 66
Method of Recording......... 66
Method of ............ovvvennn . 63
Rodding, Cost of................. 35
Sleeves, Sizes of............. ve... 38
Soils, Classification of............ 24
Splicing (See Cable Splicing).
Stubs, Cost of...............uutn 21

Self- Sustalning Construction
Supervision and Expense, Propor-

tioning, Method of.............. 16
Teaming., Proportioning, Method

Of tiiiiniii it
Telegraph Line, Cost of.
Terminal Boxes, Attachin

od of .....ciiiiiinnn
Tennlnals Cost_of..
Tool Box, Portable............
Transmission Line, Cost of......227
Trolley Pole Holes Dlgglng.

Cost Of .......ovvinneennnnn .....238
Methods of ............... veee..235
Excavating by Machine........ 234
Vault Construction.
Brick, Materials and Labor,
Quantities and Cost of....... 157
Concrete, Materials and Labor,
Quantities and Cost of....... ‘156
Cost_of Brick, Aurora, Il...... 128
Evanston, Ill. .............. 117
Irving Park, 1. ............. 119
Maywood, Ill. .............. 124
South Chicago, Ill.......... 126
West Pullman, Ill.......... 122
Concrete in Cities............ 115
Vaults, Construction of, Methods 92
of ...ovninnn et
Drainage of ............... ee. 93
Excavation for ................ . 93
Location of .................... 92
Wages, Cable Construction....... 23
Cable Splicing ................. 56
Conduit Construction ..... 112, 274
Line Construction .......... 23, 190
Pole Line Construction ........ 202
Removing Old Line............. 67
Wheelbarrows, Loads, Average .1563
Wire, Removing, Cost of........ 70
Method of ...........ccccvnnn 64
Tying to Insulators. ... .. .. "
Wire Stringing, Cost of.......22, 218

Methods of ....... cevesseeranes



“Mul” Underground Cable Construction Devices

Mullin Der

GEM WIRE AND CA3LE 631 Standard &

N

Catalog describing
devices sent upon
request. Prices are
very reasonable.
_ Freight allowed to
points as far west
as the Mississippi.

Couwan J, MuLLiv

Telephone Specialties
436 Keat Ave. 7
Brooklyn, N. Y.

el

Made in four styles. Ask for circular No."127. Rigid'Upri.ght.

| Clarence Mayer

Cost Statistician
and Facilities Engineer

A Money Saving Suggestion
The Tool quality should not be
left out of consideration in the
cost estimate. The first cost of
tools of good quality will be only
- a trifle in comparison with the

. total cost, and will be liberall
Expert AdVlce a.nd otal cos an Wi e libera y

paid back in labor account, and
Construction Cost Data durability of work done.
Furnished

KLEIN TOOLS are used by all success-
ful construction men, because they have
proven a success.

KLEIN'S New ‘' CHIOCAGO @RIP"

. Cost Systems Established

We have a bonk full of interesting pic-
tures of tools, arranged for ready order-

004 Ellsworth Building
CHICAGO

ing. Write to

MATHIAS KLEIN & SONS

Ne. 1, Station U Chicage, lII.




CONCRETE AND REINFORCED
CONCRETE CONSTRUCTION.

By
HOMER A. REID, ASSOC. M. AM. SOC. C. E.

sive book ever written on this subject. It

is in fact a combination of several books

in one—all original, carefully written and
up-to-date. It has200 working drawings of bridges,
bridge piers and culverts; 60 working drawings of
sewers, water mains and reservoirs; 30 working
drawings each of retaining walls and dams; 200
working drawings of buildings and foundations, in-
cluding shops, roundhouses, etc. Ithas more text
pages, more drawings and more tables of test data
on concrete and reinforced concrete construction
than any other book ever published. No other book
on concrete contains one tenth so much of the very
latest data on tests, theory and practice. A 16-
page Table of Contents will be sent free.

nHIS is the most complete and comprehen-

In a two-column review of this book, ‘‘Manu-
facturers’ Record” says: ‘“‘There seems to be no
portion of concrete or reinforced concrete that has
not been touched upon, and the thoroughness and
carefulness with which the author has handled his
subject should make it a valuable assistant to
engineers, architects, contractors and those inter-
ested in concrete generally.”

Cloth, 906 pages, 715 illustrations, 70 tables ; price $5 net, postpaid.

THE MYRON C. CLARK PUBLISHING CO.
355 Dearborn Street, CHICAGO




THE McMAHON WIRE REEL

Adjustable to any size coil. Will handle two coils as
well asone. [Equipped with adj; friction brake.

THE McMAHON UNDERGROUND CABLE GRIP

Grips but six inches of cable. Will not cut the sheath.
Wil not destroy the core. Coanected and removed
instantly. .

ELGIN MANUFACTURING CO.,, ELGIN, ILLINOIS

We shall be pleased to quote on any
books you contemplate purchasing.

.THE MYRON C. CLARK PUBLISHING CO.
355 Dearborn Street, Chicago

J. C. Slippy $4

Consulting will bring
Telephone Engineer ,
ENGINEERING-
Waterloo, lowa CONTRACTING

for one year
and a copy

Plans, Surveys, Estimates, .
of this book.

Specifications, Supervision,

Systemizing, Splicing,” Test- THE MYRON C. CLARK
ing, Etc. Financial Reports, . PUBLISHING CO.
Development and Transmis- . 355 Dearborn St., °

- sion Studies a Specialty. Chicago




Engineering-Contracting

EVERY WEDNESDAY $2 FOR THE 82 ISSUES

This is the great METHODS AND COST paper,
and is the only engineering paper published whose
editor has had actual contracting experience and
who is at the same time a practicing engineer. It
is devoted to the interest of the engineer as a
builder, and its articles deal with those practical
teatures which enable engineers and contractors
to make close and accurate estimates and foremen
to handle work in the most economical manner
possible. The information concerning costs is not
contract prices, but actual costs taken from the
private records of engineers and contractors, and
so itemized and analyzed as to be of inestimable -
value to any person who has to do with making
bids and estimates or in checking estimates on
such work as is described in each article. '

Articles showing the methods and cost of con-
crete and reinforced concrete construction in
various classes of work are published each week;
also articles giving the actual cost of erecting con-
crete, steel and wooden bridges, this being the first
time information of this kind has ever appeared
in print; articles giving the actual cost of labor
and materials required for each and every kind of
typical railway structure, such as station build-
ings, section houses, water tanks, fuel stations,
fences, tunnels, culverts, trestles, bridges and an
analysis of the cost of many different railway lines.

No Engineer or Contractor can afford to be without the
volumes of Engineering=Contracting as a refer=
ence encyclopedia on methods and costs.

Sample Copies—IREE

Engineering-Contracting
355 Dearborn Street CHICAGO




11,000 °i* “Cost Data”

Were sold last year and the demand continues to increase.

This book has over 600 pages of
actual costs taken from the private
records of engincers and comtractors
and so itemized and analyzed as to
be of inestimable value to any person
who has to do with making béds and
estimates or in checking estémates.
It gives also valuable data on meth-
ods of construction, thus enabling
foremen to handle work in the most
economical manner possible.

The different sections are: (1)
Cost-Keeping, Preparing Estimates,
Organization of Forces, etc.; (2) Cost
of Euarth Excavation; (3) Cost of
Rock Excavation, Quarrying and
Crushing; (4) Cost of Roads, Pave-
mentsand Walks: (5) Cost of Stone
Masonry; (6) Cost of Concrete Con-
struction of All Kinds; (7) Cost of
Water Works; (8) Cost of Sewers,
Vitrified Conduits and Tile Drains;
(9) Cost of Piling, Trestling and Tim-
berwork; (10) Cost of Erecting Build-
ings; (11) Cost of Steam and Elec-
tric Railways; (12) Cost of Bridge
Erection and Painting; (13) Cost of
Railway and. Topographic Surveys;
(14) Cost of Miscellaneous Structures.

Flexible leather, gilt edges, 622 pages, illustrated,
$4.00 net, postpaid.

24-page circular, showing coantents and sample pages, will be
mailed FREE on request.

DO NOT BUY any book on a contracting or engineering subject
until you have written us for catalogs and prices.
Send us yvour name.

The Myron C. Clark Publishing Company
"~ 355 Dearborn Street, CHICAGO




. .
Practical Cement
‘e ,
Testing
By W. PURVES TAYLOR, M. E, C. E.
Engineer in charge Philadelphia Municipal Testing Laboratories.

Cloth, 6 x 9 inches, 330 pages; 142 illustrations; 58 tables;
$3.00 net, postnaid.

This is the first practical and exhaustive treatise on this important subject. It has
already been adopted as a text book by the University of Pennsylvania and leadi
technical schools. Each chapter contains a mipute description of the methods followe:
in the author's laboratory and many valuable suggestions as to the “how’’ and “why”
of cement testing. The observation on the interpretation of results, one of the most
difficult tasks of the novice, are especially pertinent and are expressed in a fair and con-
servative manner.

The book is so complete that it can be put in the hands of a y engineer with con-

fidence that it will enable him to make reliable tests on cement. e wealth of photo-
graphs and line cuts furnish the pictorial examples of how to conduct cement tests, and
the 300 pages of text are so e: Glicit that even the most inexperiencel men can soon learn
the art of cement testing. Yet the book has not a superfluous paragraph. The list of
chaptersincludes: (1)_Classification and Statistics, (2) Composition and Constitution,
3) Manufacture, (4) Inspection and Sa.tnglim;, (5) The Testing of Cement, (6) Specific
Gravity, (7) Fineness, (8) Time of Setting, (9) Tensile Strength, (10) Soundness, (11) Chem-
ical Analysis, (12) Special Tests, (13) Approximate Tests, (14) Practical Operaticn, (15)
gthﬁr Varieties of Cement Than Portland, (16) Specifications (The Author's Am. Soc. C, E

.M., Soc. Test. Mtls., Soc. Chem. Indust., Corps Eng..U. S. A. British Standard Can.
Soc. C. E.).

- -~

Cements, Mortars and
CO ncre te S — Their Physical Properties

An up-to-date compendium of reliable tests of Cements,
Mortars and Concretes

By MYRON S. FALK, Ph. D,
Instructor in Civil Engineering, Columbia University.

Cloth, 6 x 9 inches; 184 pages; illustrated; price, $2.50 net, postpaid.

This book contains a very comp lete report of the results of tests made during the past
fifteen years, and gives these results in tables and diagrams classified according to subjects.
‘This is a reference book that should be in the library of every civil engineer. The contents
include chapters on_Chemical Properties of Cement, Physical Tests of Cement, General
Physical Properties, Elastic Properties in General, Tensile Properties, Compressive Prop-
erties, Flexural Properties, Report on Uniform Tests of Cement by the Special Committee
of the American Society of Civil Engineers and Constitution of Cement.

WRITE US

for catalogs and circulars covering all classes of books for contractors,
engineers and railway men. Tell us your wants. We have unexcelled
facilities for giving prompt and reliable assistance to our friends.

The Myron C. Clark Publishing Co.
355 Dearborn Street, CHICAGO




ROCK EXCAVATION—METHODS AND COST.

HALBERT P. GILLETTE,
Editor ‘“‘Engineering-Contracting.”’

This book covers the whole subject of rock excavation,
whether in excavations for structures or in quarries. Tunneling,
shaft sinking and quarrying and crushing are considered in par-
ticular detail. It is a practical book for practical rock men.
One superintendent who purchased this book writes that he has
cut the cost of his drilling and blasting practically in half since
he received the book and applied the methods given by Mr. Gil-
lette. ‘“Rock Excavation’ has chapters describing:

Rocks and Their Properties—Methods and Cost of Hand Drilling—
Machine Drills and Their Use—Steam and Compressed Air Plants—The
Cost of Machine Drilling—Cost of Diamond Drilling—Explosives—Charg-
ing and Firing—Methods of Blasting—Cost of Loading and Transporting
Rock—Quarrying Stone—Open Cut Excavation—Methods and Cost on
the Chicago Drainage Canal—Cost of Trenches and Subways—Subaque-
ous Excavation—Cost of Railway Tunnels—Cost of Drifting, Shaft Sink-
ing and Stoping.

Cloth, 53x7 inches, 384 pages, 56 figures and illustrations; $3.00 net, -

postpaid. ‘
EARTHWORK AND ITS COST.

HALBERT P. GILLETTE, N
Editor “Engineering-Contracting”

A book that should be in the hands of every man who is in
charge of “moving dirt,” whether with pick and shovel, plow
and scraper, steam shovel and dredge, or any other tool for dig-
ging and conveying earth. :

C|:(‘:ll, 5x7% inches, 260 pages, 50 figures and illustrations ; $2.00 net,
paid.

ECONOMICS OF ROAD CONSTRUCTION.

HALBERT P. GILLETTE,
Editor ‘'Engineering-Contracting.”

This book is the only book on road construction that goes
into the detailed cost of construction. The methods and cost
of construction given are drawn from the author’s own expe-
rience, both as an engineer in charge of road work and as a con-
tractor for constructing many miles of roads of all kinds.

Cloth, 184 pages, illustrated ; price $1.00 net, postpaid.

THE MYRON C. CLARK PUBLISHING COMPANY
355 Dearborn Street, CHICAGO




FIELD SYSTEM.
By FRANK B. GILBRETH.

This book was written by one of the largest general contractors
in the world, and contains nearly 200 pages of rules and instruc-
tions for the guidance of his foremen and superintendents. Itis
-the outgrowth of over 20 years of experience in the contracting
business and embodies scores of suggestions for economizing and
for increasing the output of the men on the job. Mr. Gilbreth
is the contractor who made the ‘‘Cost-plus-a-fixed-sum-contract”
famous; in doing so, he has likewise made famous Gilbreth’s ‘‘Field
System,” only a few excerpts from which have heretofore appeared
in print.

In making public his “‘Field System,”” Mr. Gilbreth is performing a service
to the public that is comparable with the action of a physician in dlsclosmg

the secret of his success in curing a disease. The disease that Gilbreth's
*‘Field System’’ aims to cure s the hit or miss method of doing contract work.

200 pages, with illustrations; bound in leather; price $3.00 net, postpaid.
[In preparation April, 1908. Ready soon.]

THEORY and DESIGN of REINFORCED CONCRETE ARCHES

By ARVID REUTERDAHL, SC. B, A. M.,
Assistant City Engineer, Spokane Wash.

Of ail the problems in bridge designing the analysis of the
elastic arch is by far the most difficult. The works which have
heretofore appeared on this subject are either so mathematically
abstruse or leave so much to the reader to demonstrate for himself
that they are of little value to the practical engineer or to the
technical student whose mathematical training has not been of
exceptional order. This book remedies these faults. The analysis
is graphical. Every principle involved is explained thoroughly;
there are no missing steps. The result is for the first time a
treatise on the elastic arch which can be read and understood by
the general practitioner.

ENGINEERS’ POCKETBOOK OF REINFORCED CONCRETE

By E. LEE HEIDENRICH,
Consultmg Concrete Engineer.

This book gives all the tables, formulee and data necessary
for the design of reinforced concrete structures of all kinds. Its
purpose is to do for the reinforced concrete engineer what Kent
and other pocketbooks do for the mechanical or the electrical
engineer. Design and construction are all given careful and ade-
quate consideration. Buildings, Conduits, Retaining Walls, Tanks
and Bins, Bridges and Culverts, etc., are all covered by the text,
formule and data. The tables are numerous and practical, and
many of them have been computed for this book and are not to
be found elsewhere. )
Flexible leather, about 300 pages, illustrated; price, $3.00 net, postpaid.

THE MYRON C. CLARK PUBLISHING COMPANY
355 Dearborn Street, CHICAGO
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